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ROLE OF LEAVES IN SUGAR ACCUMULATION BY SUGAR BEET ROOTS 
AND IN DEVELOPMENT OF THE ANATOMICAL STRUCTURE 
PECULIAR TO THEM 


T. V. Shvertsel' and A. S. Okanenko 


All-Union Sugar Beet Scientific Research Institute, Kiev 
Translated from Fiziologiya Rastenii, Vol. 8, No, 2, 


pp. 145-152, March-April, 1961 
Original article submitted April 29, 1960 


A knowledge of patterns of sugar accumulation and 
of the role played by individual tissues is of great theoret- 
ical and practical value in selection of sugarbeets for 
increased sugar content, In this connection, the role of 
leaves and roots in sugar accumulation and in develop- 
ment of the anatomical organization typical of sugar 
beets assumes great significance, 

At the end of the 19th century and the beginning of 
the 20th century, French and German scientists (Violet, 
Duchartre, Stromer, Brim, Fallada, etc,) were still trying 
to determine the significance of leaf surface area by par- 
tial removal of leaves, and they came to the conclu- 
sion that such treatment reduces yield and sugar content 
of beets, Other workers have come to similar conclu- 
sions on the basis of their experiments [1-3], They also 
noted that crop yield suffers a greater reduction than 
sugar content, especially when leaves are removed at 
early stages of development, 

Among studies of this type, that of Tabentskii [4], 
who grew beets on predetermined numbers of leaves, 
those removed being in very early stages of development, 
is of special interest, He showed that an increase in to- 
tal working surface and in length of life of the leaves 
remaining occurs as a result of increase in total number 
of chloroplasts and also as a result of retardation in ag- 
ing. 

In these experiments, no anatomical observations 
of roots were made, and these might. be of value in a 
more detailed analysis of the development of typical 
root structure, 

A second type of study was devoted to varietal char- 
acteristics of leaves and roots in beets of various varie- 
ties, The first experiments along this line were perform- 
ed by Kolenoi in 1925, The existence of varietal differ- 
ences in leaves and roots was demonstrated by physiologi- 
cal and biochemical studies performed at VNIS [5], Dif- 
ferences in roots with respect to sugar accumulation are 
most convincingly shown by experiments with grafts of 
leaves of one variety onto roots of another [6]. Grafts 
were made at early stages of development between sugar 
beet and mangel-wurzel plants of the same age. In every 


case, the roots accumulated sugar in amounts character- 
istic of the variety to which they belonged, The gross 

anatomy of these roots also indicated that the structure 

of the graft components was completely unchanged, 

In these experiments the fine anatomy of the roots was 

not investigated, however, 


At the same time, it is well known that leaves exert 
a direct influence on root structure through “trace sub- 
stances” which they export to the roots [7-10], and that 
anatomical structure of the root is closely related to its 
sugar content (Schindler and Proskovets, 1899; Vivian, 
1920; Seeliger, 1920; Peck, 1927; Artschwager, 1927; 
Gomolyako, 1951), This correlation was disturbed only 
in the case of hybrids with mangolds [11], According to 
Gomolyako's data [12], sugar beet differs from mangel- 
wurzel in the closer spacing of vascular bundle rings, 
narrower parenchyma zones, narrower rings, and smaller 
parenchyma cells, 


In view of all this, it was to be expected that graft- 
ing leaves of other forms onto sugar beet stocks should 
have induced changes in root structure, and therefore in 
sugar content, Okanenko [5, 6] and Rasmusten [14] did 
not observe such changes; the slight alterations in sugar 
content were not considered significant, inasmuch as 
they did not exceed the limits of variation characteristic 
of the variety to which the stock belonged. 


In order to achieve a fuller explanation of results 
obtained in experiments with grafts and with removal of 
leaves, it is necessary to combine anatomical and phys- 
iological methods of study, This would also facilitate 
a closer definition of the role of leaves in development 
of typical beet root structure, We therefore performed 
experiments with intervarietal grafts and with plants 
from which some of the leaves had been removed, 

The experiment on partial removal of leaves was 
performed in 1958 using Yanash sugar beets, Plants were 
grown with the following leaf complements: cotyledons 
alone, 5, 10, 15, and 20 leaves, and a control with all 
leaves left intact, In 1959, the experiment was expand- 
ed to ten treatment groups, with the introduction of 
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treatments in which the first three and first five pairs of 
leaves were removed (Tables 1 and 2). 

Leaves growing out after the initial excisions were 
regularly removed (in 1958, every two or three days; in 
1959, almost every day), In 1959, these newly forming 
leaves were removed while still in the bud in order to 
minimize their effect. Samples were collected at the 
time of the initial treatment, and at the end of the grow- 
ing period, when the leaves left on the plant had begun 
to die, 

At early stages of development, preparations were 
fixed with Navashin's fixative, and 7-8 sections were 
stained according to the method of Ya, S, Modilevskii 
(basic fuchsin with a light green counterstain), At later 
stages, 20-30 sections were cut on a freezing micro- 
tome and stained with Congo red + chrysadine, 

Determination of yield and of sugar content of roots 
revealed that the former is more adversely affected by 
leaf removal, especially if this is done at early stages 
(Table 2), 

Removal of the first three and the first five pairs of 
leaves retards growth of the plant to such an extent that 
the succeeding leaves do not compensate the loss in root 
weight; at the same time, sugar content is comparable 
with that of the control, In some cases, the increased sur- 
face of 15-20 leaves ensures a normal sugar content (on 
Sept, 1) because of an increase in chloroplast number 
4 ;e"g°"egrss and a prolongation of active life of the leaves, Never- 

eared theless, this is not sufficient for normal development of 
| |QrarBowze the plant as a whole and for attainment of the final sugar 
content level, to say nothing of tissue yield, 

Results of quantitative anatomical measurements 
permit certain conclusions as to the character of the re- 
lationship .of leaves to vascular bundles of the root, and 
as to their influence on the degree of development of 
certain anatomical features, For example, the total num- 
ber of rings increases during the growing period regard - 
less of whether leaves have been removed or not, Even 
in rootlets which have grown on two cotyledons, one or 
two rings fully differentiated into xylem and phloem have 
arisen (Tables 1 and 2). 

Therefore, initiation and differentiation of rings 
occurs even before the leaves unroll if there is a suffi- 
cient amount of nutrients, 

Results of an investigation of numbers of vessels in 
a bundle, width of rings, and width of the interannular 
zone of parenchyma are also worthy of attention, In 
roots grown on a small number of leaves(up to 10), al- 
most all the bundles are formed subsequent to leaf re- 
moval, In those grown on 10-15 leaves, there are botha 
formation of new bundles and a continuing differentia - 
tion of those initiated prior to treatment, This is attested 
by the increase in number of vessels per bundle in all 
rings, except the first three, of roots grown on 15-20 
leaves in 1958, where leaves were removed later 
in 1959 (Tables 1 and 2), 
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TABLE 3. Sugar Content and Dry Matter Content of Leaves of Scions(in % of wet weight)* 1959 


August 19 September 16 


Treatment group 


total sugars %o dry wt total sugars %o dry wt 


4.65 
4.6 
5.1 
3.2 
3.5 
3.05 


16.4 
18.2 
18.6 
14.6 
14.7 
14,8 


4,73 20 
4.99 20.9 
5.34 20.8 
3.15 16 
4.29 17.9 
3.44 17.4 


Yanash — ungrafted control 
Yanash/Yanash — control graft 
Yanash/Ekkendorf 

Ekkendorf — ungrafted control 
Ekkendorf/Ekkendorf — control graft 
Ekkendorf/Yanash 


* Total sugars expressed as glucose. 


TABLE 4, Changes in Sugar Content, % Dry Weight, and 
% Salt of Yanash Stocks under, the Influence of Ekkendorf 
Leaves 


Salt con- 
tent, % of 
dryweight 


To dry 
weight 


Sugar con- 


Treatment grou 
BFOUP | tent, % 


Ekkendorf/Yanash 
Yanash/Yanash 
Yanash 

Ekkendorf 


12.4 
13,1 
13.5 

7.0 


19.8 
20.6 
20.7 
12.6 


1.57 
5.58 
4,42 
8.88 


A comparison of treated and control plants at the 
end of the growing period shows that the number of ves- 
sels per bundle in almost all rings of the control is high- 
er, the only exception being roots grown on 15 leaves 
in 1959 and on 10-20 leaves in 1958, In these roots, 
the width of rings is also comparable with that of con- 
trol roots, This is why in these cases the sugar content 
is equal to that of the control, since it is well known 
that most of the sugars accumulate in the parenchyma 
surrounding the vessels and the vascular bundles [13]. 

In all treated plants of the 1959 experiment, the 
width of rings increases considerably from time of treat- 
ment, but at the end of the growing period it is lower 
than that of the controls, The width of the interannular 
parenchyma zone in treated plants is much smaller than 
that of the controls, This explains the marked reduction 
ig crop yield which follows partial removal of leaves, 
even when sugar levels remain almost unchanged, 

Results of the 1959 experiment on removal of the 
first three and first five pairs of leaves indicate that 
growth processes are retarded to the greatest extent, 
while differentiation processes are less severely inhibited. 
Thus, the number of rings in treated plants is almost the 
same as that of controls, while the number of vessels per 
bundle is somewhat lower only in roots grown without 
the first five pairs of leaves, In roots grown in the ab- 
sence of the first three pairs, this is within the limits of 
variation characteristic of the corresponding rings of the 
control. The width of the rings themselves, and of the 
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interannular parenchyma zone, is considerably lower in 
treated than in control plants. Comparing vascular bun- 
dles of roots grown without the first five leaf pairs with 
those of roots grown on only five pairs, we see that there 
is no great difference between them, Only the width of 
the interannular parenchyma zone differs, being greater 
in the latter case (Table 2), It is evident that the degree 
of differentiation of a given ring is determined not by 
"trace substances” from the leaves, as believed earlier 
(Stammer, 1847; V. G. Aleksandrov, 1928), but by prop- 
erties of the root itself, i.e., by the vigor and duration 
of cambial activity, which is controlled by assimilates 
from the leaves and by a number of other conditions re- 
quired for root development. Maintenance of the indi- 
viduality of “trace substances” from various leaves is not 
obligatory. 

Tabentskii [9] and Votchal [8] also noted that “trace 
substances” entering the root from various leaves lose 
their individuality. If there were an obligate connection 
of certain leaves with certain rings, then with removal 
of the first five pairs of leaves the inner rings would be 
more poorly developed than the outer rings. This was 
not observed. Therefore, the leaves formed after those 
removed must have played a part in development of the 
inner rings, while at the same time supporting develop- 
ment of the outer rings. 

The general level of root growth and development 
is reduced by leaf removal to a degree depending on 
time of treatment and on number of leaves removed. 

The experiment with grafts also yielded data on the 
influence of leaves on root anatomy. 

Plants employed in grafts were of varieties Yanash 
and Ekkendorf, each graft component being obtained 
from a plant in the stage of one or two leaf pairs. We 
shall consider only the most successful graft treatment 
made in 1958, Ekkendorf on Yanash, with the control 
graft, Yanash on Yanash. 

Data on sugar content are in complete agreement 
with those obtained by Okanenko and Rasmusten, It was 
consistently within the limits of variation characteristic 
of the variety to which the stock belonged. 


Evidence for maintenance of the varietal character- 
istics of the stock is also afforded by determination of 
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total water-soluble sugars in leaves of grafts differing 

as to stock but similar as to scion, Where the stock is 
Ekkendorf, there are more sugars in the leaves than where 
it is Yanash (Table 3), More noticeable differences 
were observed in appearance of the vegetable pulp, in 
its absolute dry weight, and in its salt percentage (Table 
4). 


4-12 
18-—32 


5—14 
15—35 


The gross features of root anatomy (number of rings, 
their density, their spacing, tissue color) remained un- 
changed in general, This can be explained on the basis 
of an unpublished study by S, E. Gomolyako, "On the 
Spiral Arrangement of Vascular Bundles at the Root 
Crown.” Because of this arrangement, the cambium in 
the root crown may be considered continuous, a condi- 
tion which apparently ensures preservation of the basic 
structure of the stock, even when it is in contact with 
leaves of another variety, At the time of grafting the 
secondary cambium was already laid down, and it might 
therefore be expected that ring development would be 
of the type peculiar to the stock variety, 

All the same, a more detailed microscopic examina - 
tion showed that there are certain changes in the stock, 
the most obvious being in the parenchyma, In a Yanash 
stock grafted to an Ekkendorf scion, width of the paren- 
chyma zone and diameter of its cells is increased, Al- 
though changes in the rings of vascular bundles are less 
striking, they nevertheless occur, The number of vas- 
cular bundles per unit area is reduced, especially in the 
peripheral rings, which were laid down after grafting, 
and the number of vessels per bundle is also reduced 
(Table 5), 

In conclusion, the character of development of rings 
and parenchyma zones is determined not only by proper- 
ties of the root itself, more accurately by its meriste- 
matic tissue, but also to a certain degree by the leaves, 
It is quite possible that fluctuation in sugar content of 
the stock of intervarietal grafts is due to leaves of the 
scion, although the over-all level is also determined 
by the nature of the root and does not exceed the limits 
of variation typical of the root's variety, 
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20-48 
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SUMMARY 

1, Stability of sugar beet roots with respect to phys- 
iological properties, especially sugar levels, is partly 
related to anatomical conservatism, 

2, The character and degree of development of ana- 
tomical features of the root depends to some extent on 
variatal characteristics of the leaves,although it is main- 
ly determined by characteristics of the root itself, 

3, Root parenchyma is more subject to change under 
the influence of leaves than is conducting tissue. 

4, Although sugar content of the stock is mainly a 
function of its variety, small changes under the influence 
of leaves of the scion do occur as a consequence of cer- 
tain changes in structural elements (numbers of vascular 
bundles, numbers of vessels per bundle, diameter of in- 
terannular parenchyma cells, and width of parenchyma 
zone). 


Range of variation in anatomical features 


One division = 33,3 H. 
** One division = 11.1 Hu. 
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ocular micrometer divisions 
Diameter of parenchyma cells, in ocular 


area, mature/immature 


No, of vascular bundles per cm? cross-sectional | 6_ 
micrometer divisions* * 


Width of interannular parenchyma zone, in 


No. of vessels in mature bundles 
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PHYSIOLOGICAL ACTIVITY OF PHOTOSYNTHATES 


OF PLANTS EXPOSED TO LIGHT 


OF VARIOUS SPECTRAL COMPOSITIONS 


R. G. Butenko, A. A. Nichiporovich, and N. N. Protasova 
K. A. Timiryazev Institute of Plant Physiology, USSR Academy of Sciences, Moscow 


Translated from Fiziologiya Rastenii, Vol. 8, No. 2, 


pp. 153-160, March-April, 1961 
Original article submitted March 25, 1960 


The use of radioactive isotopes, partition chromatog - 
raphy, and other modern methods to determine the path- 
ways of carbon metabolism in photosynthesis has shown 
that many substances other than carbohydrates can be 
direct products of photosynthesis, such as organic acids, 
amino acids, and even proteins[1-4]. The types and 
relative amounts of these products may vary widely, 
depending on type and age of plant [5-10], conditions of 
mineral nutrition [11, 12], water regime [13], and on in- 
tensity and spectral composition of light [14, 15], It has 
been shown [14, 15] that changes in the spectral compo- 
sition of light entail characteristic changes in the fate 
of carbon assimilated during photosynthesis, 

Plants grown under red light form relatively more 
carbohydrate and less amino acids and protein during 
photosynthesis than do those grown under blue light. On 
the other hand, it is well known that plants grown under 
red light show marked differences in growth and devel- 
opment patterns from those grown under blue light [16], 
In view of these considerations, it is natural that the prob - 
lem of the physiological significance of the diversity 
of photosynthetic products under various conditions or at 
various stages of development should arise, Until recent- 
ly, however, this problem has not been subjected to di- 
rect experimental investigation, and there is a very wide 
range of views on the role of photosynthesis in growth 
and development, There is a view that the effect of 
spectral composition of light on plant growth is related 
solely to auxiliary nonphotosynthetic photochemical re- 
actions or to secondary reactions of the metabolic cycle, 
and that there is no direct connection with photosynthe- 
sis, Other workers [6, 8, 9] emphasize the prominent 
tole of photosynthesis and the diversity of photosynthetic 
products, particularly those which are physiologically 
active, in determining actual pathways of growth and 
development, 

However, it is difficult to demonstrate by chemical 
methods alone a possible biological activity of photosyn- 
thates and the physiological significance for growth and 
development of a change in their composition, Reliable 
conclusions in this matter can only be reached by direct 
experimentation using sensitive biological tests, 


In this study an attempt was made to assess biolog- 
ical activity of products of photosynthesis of plants 
grown in or exposed to light of various spectral compo- 
sitions, The measure of this activity was character and 
rate of growth of carrot tissue cultures, Use of tissue 
cultures as a test material has, in our view, a number 
of advantages over, for example, the widely employed 
coleoptile test, Growth conditions can be strictly con- 
trolled, the tissue has a high sensitivity to changes in 
the nutrient medium and especially to introduction of 
substances of high physiological activity, and testing of 
such substances is carried out under growth conditions 
natural to the culture, This is in contrast to coleoptiles, 
where testing is carried out on excised pieces of tissue, 
The coleoptile section assay has been widely used in 
study of natural plant auxins [17-21], Because of the 
limited growth capacity of coleoptiles, however, they 
cannot be used to test a large group of substances active 
in embryonic stages of growth, such as vitamins, purines 
and pyrimidines and their derivatives, and products of 
protein metabolism, Since plant tissue cultures react 
to a wider group of physiologically active materials, 
they may be extremely valuable in the first stages of 
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Fig. 1. Spectra of light from red (I), blue (1), white (II), 
and “daylight” (IV) fluorescent lamps, 
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In the extensive literature on culture of isolated 
plant tissues, there are a large number of studies devot- 
ed to the effect on their growth of various plant extracts, 
Thus, Steward, et al., have studied in detail the effect of 
endosperms from immature coconuts and walnuts, from 
chestnut, and from corn and other plants,on growth of 
carrot and potato tissues [22, 23], Duhamet [24] has 
shown that addition to the nutrient medium of aqueous 
extracts of rasperry tissues acclerates growth of crown 
gall tissues, Wiggans [25] has studied the effect of aque- 
ous extracts of the leaves and roots of this plant on carrot 
callus and has shown that leaf extracts stimulate growth, 
while root extracts inhibit it. These results have suggest- 
ed to us that tissue cultures could be used as sensitive 
indicators of slight differences in chemical composition 
of leaf tissues of plants grown in or exposed to light of 
various spectral compositions, 

METHODS 

Experiments were performed at the Artificial Cli- 
mate Station of the Plant Physiology Institute, USSR 
Academy of Sciences, The plant used was Sugar Tri- 
umph 764 bean, Seeds were sorted by weight, germinat- 


ed in the light at 24° and 60% humidity, and planted 
in sod with a small amount of surface peat added, During 
the growing period one application of Pryanishnikov's nu- 
trient solution was made, Plants were grown in a dark 
humidity-controlled chamber under fluorescent lamps 
of the following types: red (L-27, ZnBiSiOg), blue (L- 
30, CawO, + MgWO,), daylight (DS-30) or white (BS), 
Radiation intensity under blue lamps was 24,5, under 
white, 20, and under red, 19,5 thousand ergs/ cm*/ sec, 
which corresponds in every case to 58:933 X 10" quanta/ 
cm’/ sec (Fig. 1), Intensity of physiological radiation 
was measured with a compensating thermal column, All 
experiments were carried out in an 18-hour day, at a 
temperature of 20+1°, and a relative humidity of 55%, 
From January 30, 1959, to April 11, 1960, five ex- 
periments of gradually increasing complexity were per- 
formed, In the first experiment, plants were grown under 
red and blue light; in the second, some were also grown 
under lamps emitting light of composition similar to 
daylight; in the third, they were grown under “daylight” 
lamps and then exposed to blue and red light for 18 hours; 
in the fourth and fifth, the following scheme was employed: 


A, Plants grown for 14 days 


1-under red light (L-27) 


2--under white light (BS) 


3-under blue light (L-30) 


B, Darkness for 24 hours 


C, Plants expose 


for 3 hours 


To datkness To réd light 


4 5 6 7 
+CO, -CO, +CO, -CO, 


Experiments of this type could not fail to yield in- 
formation making it possible to evaluate and compare 
the biological activities of leaf extracts from plants grown 
for a long period in red, white, or blue light (treatments 
1, 2, 3), or from those exposed three hours in the presence 
(+CO,) or the absence (-CO,) of carbon dioxide (treat- 
ments 6-11), It was the purpose of the latter series to 
clarify the role of photosynthesis in formation of physio- 
logically active products, if this occurs, 

Before exposure to light of various spectral composi- 
tions, plants grown in white light were kept in darkness 
24 hours in order to rid the leaves in large part of assim - 
ilates formed under these conditions. Extracts were pre- 
pared from leaves of plants kept in darkness for the three- 
hour period to check for possible dark fixation of carbon 
dioxide (treatments 4 and 5), Plants exposed in the ab- 
sence of CO, (treatments 7, 9, 11) were kept in 5- 
liter glass containers hermetically sealed with plexi - 
glas covers fitted with tubes for the entrance and exit of 
air, To prevent release of CO, from soil, the pots were 
carefully covered with polyamide film, For a prelimi- 
nary period of 1.5 hours, and for the 3-hour exposure 
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period, air was pumped through the closed system con- 
taining plants and a vial with 33% NaOH at a rate of 20 
liters per hour, This apparatus is shown in Fig, 2, 

Extracts to be tested were made from the second 
true leaf, The midvein and main lateral veins were cut 
away and tissue samples were frozen with liquid nitrogen 
and ground in a mortar. The homogenized material was 
allowed to stand 18 hours in a cold room at about 0°, 
The extract was then centrifuged in the cold and added 
to the nutrient medium in an amount corresponding to 
4g fresh leaf weight per liter medium. * 

Tissue had been growing since 1957 on Nitsch's nu- 
trient solution: KNO;-2000mg per liter; KCI-1500 mg 
per liter; MgSO,4-7H,O — 250 mg per liter; NaH,PO,*H,O- 
250 mg per liter; CaCl,—25 mg per liter; glucose — 
25,000 mg per liter; agar—8,000 mg per liter. 

The clone of carrot tissue used in the experiments 
was habituated and did not require auxins, Leaf extracts 
were added to the nutrient medium prior to sterilization 


* The tissue culture was obtained in 1956 from M, 


Zelinskii, Docent, Poznan University (Poland), to whom 
we take this occasion to express our thanks, 


F 
1 
= 


Fig. 3. The effect of leaf extracts on growth of carrot tis- 
sue, Experiments I and I: 1) growth of callus on basic 
nutrient medium (control); 2) with extract from leaves of 
plants grown 14 days in red light added to basic medium; 
3) with extract from leaves of plants grown 14 days in blue 
light added to basic medium; 4) with extract from leaves 
of plants grown 14 days under “daylight” lamps added to 
basic medium, 


in the autoclave (0,75 atm pressure, 20 minutes), Tissues RESULTS 

were grown in the dark at 26° and 70% constant hu- A pronounced difference in physiological activity of 
midity for seven or eight weeks, Each treatment was leaf extracts from bean plants grown in red light or blue 
replicated ten times. At the end of the growing period, light for 14 days was found even in the first experiment 
they were weighed and assayed for dry matter, performed, Extracts from plants grown in red light add- 
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ed to the basic medium (control) stimulated growth of 
carrot tissue slightly (Fig. 3, 2), while those from plants 
grown in blue light increased the rate of tissue growth 
several fold (Fig, 3, 3). 

These results were confirmed in the second and third 
experiments, Additional data were obtained indicating 
that extracts from plants grown under “daylight" lamps 
have a biological activity close to that of extracts from 
plants grown in blue light (Fig. 3, 4), Of much interest 
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are the data obtained in the third experiments, in which 
it was shown that extracts from plants exposed only 18 
hours to red and blue light have distinct biological ac-- 
tivities, 

The most interesting results were obtained in the 
fourth and fifth experiments carried out according to 
the scheme outlined above, In these experiments, “day- 
light" lamps (DS), which produce an effect similar to 
that produced by blue light, were replaced by white 
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Fig. 4, Wet weight of each of 10 calluses, A) On Nitsch's nutrient me- 
dium + a leaf extract from bean plants grown 14 days: on blue light — 
bl (treatment 3), on red light — r (treatment 1), on basic medium alone 
— c (control); B, C, D, E, F) on Nitsch'’s medium + leaf extracts from 
bean plants exposed three hours: B) in the presence of CO, to blue light 
— bl (treatment 10), to red light — r (treatment 6), to Nitsch’s medium 
— ¢ (control); C) to blue light in the presence of carbon dioxide (+ CO,), 
in its absence (-CO,) — (treatment 11), on Nitsch's medium alone (c) — 
control; D) on red light in the presence of carbon dioxide (+ CO,), on 
Nitsch's medium alone (c) — control; E) in white light in the presence of 
carbon dioxide (+ CO,) — (treatment 8), in its absence (~CO,) — (treat- 
ment 9), on Nitsch’s medium alone (c) — control; F) in darkness in the 


presence of carbon dioxide (+ CO.) — (treatment 4), in its absence (~CO,) 
— (treatment 5), on Nitsch*s medium alone (c) — control, 
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light lamps (BS), and the exposure time was shortened to 
three hours, Exposure was made in the presence and ab- 
sence of CO, to elucidate the dependence of effects ob- 
served on photosynthesis, 

Results of the fifth experiment (see experimental 
scheme) are presented graphically (Fig, 4), As in the 
four previous experiments, extracts from plants grown in 
(treatment 3) or exposed three hours to (treatment 10) 
blue light stimulated carrot tissue growth considerably 
more than extracts from plants grown in (treatment 1) 
or exposed to (treatment 6) red light (Fig. 4, A and B). 
Extracts from plants grown in white light (treatment 2) 
were intermediate between those from plants in groups 
1 and 3 in their biological activity. However, the most 
important results of the fourth and fifth experiments are 
those which show that photosynthesis plays a decisive 
role in determining the biological activity of extracts 
from plants exposed to red or blue light. From the 
graphs (Fig. 4, B, C, D) it can be seen that in the pres- 
ence of CO), i.e., under conditions in which photo syn- 
thesis occurs, during exposure to blue light (treatment 
10), there is a considerable increase in the stimulating 
effect of the extracts and, conversely, during exposure 
to red light the stimulating effect is greatly decreased 
by CO, (treatment 6). 

The effect of exposure to white light in the presence 
(treatment 8) and absence (treatment 9) of CO, is simi- 
lar to that of exposure to red light under these same con- 
ditions (Fig. 4). 


Extracts from plants kept in the dark in the presence 
(treatment 4) and the absence (treatment 5) of CO, had 
similar activities (Fig, 4), This proves that the critical 
process with respect to biological activity of extracts is 
actually photosynthesis, and not dark fixation of CO,, 


DISCUSSION 

The experiments described convincingly show that 
even a relatively short (3 hours) exposure of bean plants 
to light of various spectral compositions is reflected by 
differences in kind or in amount of physiologically active 
materials synthesized in the leaf, and that photosynthesis 
plays a direct role in creating these differences, At this 
stage, however, it is difficult to state definitely the na- 
ture of the materials in the leaf extracts which stimulate 
growth of carrot tissue cultures, It is even more difficult 
to guess at the nature of the qualitative or quantitative 
changes which these materials undergo when photosyn- 
thesis occurs in light of various spectral compositions, 

In order to identify these substances, the extracts 
must be fractionated and further tests run, Even now, 
however, it can be stated with almost complete certainty 
that they cannot be soluble carbohydrates, since a small 
addition of extract to nutrient medium containing 2,5% 
glucose would not in such a case be effective. It seems 
unlikely, moreover, that the unknown substances could 
be auxins, since habituated tissue responds but little to 
6 -indole acetic acid or its derivatives. 


This tissue is autotrophic with respect to vitamins, 
and does not require them in the nutrient medium, Possi- 
bly the active substances are products of nucleic acid 
and protein metabolism, This assumption agrees with 
data showing that products of photosynthesis in blue light 
are mainly amino acids and proteins, and it also finds 
support in our observation that purine bases stimulate 


growth of carrot tissue. 
SUMMARY 


1, It has been shown that photosynthates formed by 
bean plants grown in or exposed for 3 hours to red and blue 
light stimulate growth of carrot tissue cultures to varying 
extents, Thus, photosynthates with high growth-promot- 
ing activity are formed in blue light, and prevention of 
photosynthesis (—CO,) strongly reduces this activity. On 
the other hand, leaves exposed to red light in the absence 
of CO, give extracts of high activity. When photosyn- 
thesis is permitted to proceed (+COg), the stimulating 
effect of these extracts is sharply reduced. 

2, The effect of extracts from plants grown under 
*““daylight™ lamps (DS) was approximately the same as 
that of extracts from plants grown in blue iight. The 
effect of extracts from plants grown in white light was 
intermediate between effects of extracts from plants 
grown in blue and red light, 

3. The foregoing facts show that during photosynthe- 
sis under various conditions products are formed which 
differ in their biological activity, or their relative pro- 
portions are different. Thus, the diversity of photosyn- 
thetic products and the alteration in their composition 
which occurs with an alteration of conditions under 
which they are formed, especially of spectral composi- 
tion of light, are important factors determining the plant's 
physiological status and its response to the environment, 
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The conversion of light energy into the chemical 
energy of organic compounds is undoubtedly the most re- 
markable feature of the process of photosynthesis, 

It is the efficiency of energy storage which, in the 
words of Timiryazev [1], “is the most, in fact the only, 
accurate measure of productivity” of a plant. However, 
the importance of a study of energy conversions is not 
confined to this; research on plant photoenergetics is 
also of great importance for a deeper investigation of 
the mechanism of photosynthesis, 

At present the efficiency of energy storage in plants 
is usually estimated from gasometric determinations on 
the assumption that 112 kcal is stored per mole of lib- 
erated O2 or absorbed CO,, Although this is possibly a 
valid assumption in many cases, it definitely does not 
hold in some conditions, Such conditions may occur, 
for instance, during the induction period, at low (com- 
pensating) light intensities, during fasting of plants, and 
so on, 

Thus it is clear that direct measurements of energy 
are necessary to determine the energy conversions dur- 
ing photosynthesis, So far, only three works *[2, 3, 4] 
in which energy conversion was directly studied have 
been carried out, In these works the sole aim was to de- 
termine the energy yield in connection with the problem 
of determining the maximum quantum yield of photosyn- 
thesis, 

In this paper we suggest a new principle for deter- 
mining the energy yield of photosynthesis in plants, We 
describe the apparatus designed in accordance with the 
proposed principle, and give the results of a test of the 
apparatus in operation, The new method possesses sev- 
eral advantages over those employed hitherto and en- 
ables a very easy determination of the energy yield of 
photosynthesis under various external and internal con- 
ditions, 

By the energy yield € we mean that fraction of the 
radiant energy absorbed (i.¢€,,not transmitted and not 
scattered) by the plant and stored by the latter in the 
form of chemical energy. This quantity is sometimes 
also called the energy efficiency or efficiency of photo- 
synthesis, 

In this work, as in the three works mentioned above, 
the energy was measured calorimetrically, i.e.,from the 
concomitant thermal effects, 


The basic idea of the calorimetric method consists 
in the premise that, other conditions being equal, the 
temperature of an illuminated photosynthesizing object 
must be less than the temperature of the same object in 
the nonphotosynthesizing state owing to the fact that 
some of the absorbed energy is converted into chemical 
energy and, hence, does not cause heating. From the 
temperature difference the amount of energy stored by 
the plant can be determined. 

The practical ways of implementing this basic idea 
can be very diverse, 

In the work of Magee et al, [2] thermocouples were 
used to measure the temperature of a small cylindrical 
quartz cup silvered on the inside and filled with a suspen- 
sion of the alga under investigation, The end faces of 
the cup were transparent and by means of a thermopile 
mounted behind the cylinder the amount of energy ab- 
sorbed by the alga in the cylinder could be determined, 
The apparatus was calibrated beforehand by measurement 
of the temperature of the cylinder when the radiation 
was completely absorbed by a nonactive liquid, The dif- 
ference between the cup temperature which was to be 
expected, according to calibration, from the thermopile 
measurement of the amount of radiation absorbed by the 
suspension, and the actual observed temperature of the 
cup, indicated the energy stored during photosynthesis, 

A similar method was used to determine the energy 
yield of the fluorescence of solutions [5], 

In Tonnelat's work [4] a similar apparatus was used, 
but without the thermopile, It was assumed that all the 
radiant energy incident on the suspension was completely 
absorbed by it. The amount of absorbed energy was es- 
timated by filling the cup with the same mass of water 
as in the suspension and using a cup with blackened 
bottom. 

The two described methods suffered from similar 
faults, First of all, for determining the amount of energy 
the cup had first to be filled with water, and then with 
the suspension, Since the total period of the calorime- 


* We are not concerned here with methods of determin - 
ing the heat of combustion of organic matter formed 
during photosynthesis, since these methods are unsuitable 
for kinetic studies and for comparison with results of 
gasometric or other investigations, 
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ter was large (about two hours in the work of Magee et 
al,),a considerable time was required to obtain one val- 
ue of the energy yield, The design of the calorimeters 
in both cases was complicated and, in particular, so 

were the thermostats used to maintain a constant tem- 
perature (to within 0,003 deg C in the work of Magee et 
al, [2], and to within 0,001 deg C in Tonnelat's work[4)). 

The introduction of the correction for respiration in 
both methods required another measurement to deter- 
mine the heat liberated by the suspension in the dark, 
Here, as usual, it was assumed that the respiration rates 
in the light and in the dark were equal, 

These faults were avoided in Arnold's method [3]. 
The suspension was contained in a very small silver cup, 
the temperature of which in relation to the relatively 
massive aluminum case was measured by means of a 
thermocouple, The temperature of the cup was first 
measured when the photosynthesizing suspension was il- 
luminated, After this the suspension was exposed to ul- 
traviolet light, which suppressed photosynthesis,and the 
second temperature measurement of the illuminated 
suspension gave a value corresponding to the total energy 
absorbed by the suspension. 

Since the period of the apparatus was small a special 
thermostat was unnecessary, Another advantage of this 
method was the fact that temperature measurement dur- 
ing photosynthesis and in its absence was conducted with 
the same suspension in absolutely identical geometrical 
conditions, Moreover, there was no need for a special 
measurement to allow for respiration, since the respira- 
tion value cancelled out on subtraction of the tempera- 
tures of the photosynthesizing and nonphotosynthesizing 
suspensions, Here, however, it was assumed that ultra - 
violet does not affect the respiration rate, an assumption 
based on measurements of oxygen absorption by the irra- 
diated suspension in the dark [5, 6] and on the supposi- 
tion that respiration in the light and in the dark is the 
same, 

Arnold's method suffers from the following faults, 
The action of ultraviolet on photosynthesis and respira- 
tion of Chlorella was investigated gasometrically [6,7]. 
Hence, it was assumed that there is complete correspon- 
dence between the CO, and O, exchange in the plant and the 
energy conversions, Without an experimental investiga- 
tion of the conditions in which this view is valid it seems 
at least risky to adopt it as the basis of a method, More- 
over, a study of the conditions in which such a corre - 
spondence exists or is absent is one of the current prob- 
lems in the study of plant photoenergetics, Moreover, 
from the purely practical aspect ultraviolet light for sup- 
pressing photosynthesis must be used with great care, 
since too large doses can injure the cells and alter their 
light-absorbing power [8], and, on the other hand, the 
doses necessary to suppress photosynthesis may vary with 
the stage of development of the alga, the culture con- 
ditions, and so on [9]. Thus, there must be a periodical 
check of the dose curves for ultraviolet suppression of 
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photosynthesis, and this is a separate problem in itself. 

In this paper we describe a method which retains 
the main advantages of Arnold's method (absence of 
special light-measuring instrument and constant geome- 
try in the measurements), but which possesses the advan- 
tage that it does not employ such a nonphysiological 
and, for the reasons mentioned above, unsatis factory 
method as exposure to ultraviolet light. 


METHOD 


The proposed method is based on the well-known 
fact that at sufficiently high light intensities "saturation' 
of photosynthesis sets in, i.e., its rate ceases to depend 
on the light intensity. 

Figure 1 A depicts the general form of the photo- 
synthesis light curve, i.e,,the curve relating the rate of 
photosynthesis to the light intensity [10]. The initial 
portion ab has the greatest slope and corresponds to the 
region of maximum yield of photosynthesis, Portion cd 
corresponds to the region of light saturation, In this re- 
gion an increase of intensity of the incident light leads 
to a further heating of the plants equivalent to the in- 
crement of absorbed energy, since all the additional 
energy is degraded into heat as it is not used for photo- 
synthesis, Thus, if we graph the relation between the 
plant temperature and the intensity of incident light, 
since the two values are proportional, T we would ex- 
pect to obtain a curve of the type shown in Fig, 1 B, 

The broken curve in the same Fig. 1 B shows the 
temperature of the same plant in the absence of nhoto- 
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Fig, 1, General form of photosynthesis 
curve (A) and expected form of heating 
curve for photosynthesizing organism 
(B) (explanation in text), 


f We verified in special experiments that at the light 
intensities used in the present experiments the absorp- 
tion coefficient did not change irreversibly. The reversi- 
ble changes in the absorption coefficient due to the light 
were insignificant and did not exceed 0.2% [11]. 
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synthesis, when all the light energy goes toward heating 
the plant. 

In the equilibrium state the temperature of the leaf 
or alga indicates the amount of energy converted into 
heat, Hence, at any light intensity I* the energy yield 
of photosynthesis will obviously be 

Ty 
1-- > (1) 
where T, is the temperature of the nonphotosynthesizing 
plant, and T, is the temperature during photosynthesis, 

In Arnold's method,T, and Tz, as we said already, 
were mea sured before and after exposure of the algal 
suspension to ultraviolet light. However, we can avoid 
the employment of extraneous inhibiting factors if we 
note that equation (1) can be rewritten in the following 
form 


(2) 
since Tz = I'tan¢». 

The essence of our method consists in the fact that 
tan 2, i.e,,the slope of the heating curve for the non- 
photosynthesizing plant,can be determined from the 
heating curve of the investigated photosynthesizing plant, 
In fact, in the saturation region the slope of the heating 
curve must be equal to the slope of the heating curve of 
the nonphotosynthesizing plant. This follows from the 
fact that in both cases equal increments of incident light 
energy provide equal increments of energy contributing 
to heating, since in the saturation region the additional 
light energy is completely degraded into heat, 

Thus, we can write 


‘dT 
tan Pe == 7). 


where T(I) is the heating curve for the investigated plant 
and the sign » means that the derivative is taken at a 
sufficiently high value of the light intensity, For the 
energy yield we obtain the formula 
e=]—- 
dl /co 

The right-hand side consists of values which can be 
determined from the heating curve T(I) of the investiga- 
ted plant, 

Without going into a discussion of the possible ways 
of putting this method into practice we will consider the 
rather simpler and most interesting problem of determin- 
ing the maximum energy yield €) of a particular plant, 
Here we are not dealing with the maximum possible 
yield of photosynthesis in general, but with the maximum 
yield for a particular plant, This maximum occurs at 
intensities ocrresponding to the linear portion of the light 
curve, 

The initial portion of the heating curve must be 
linear (have the same degree of linearity as the initial 
part of the light curve) and, hence, 


T; == lean = 


(3) 


Thus, for the maximum energy yield we have the 
tionshi 
relationship 
_ 


tan 


&. == 
0 tang, =) 
co 


(4) 
aT 
(see Fig. 2). 

Thus, the measurement of €, reduces to a determi- 
nation of the slopes of the heating curve at a point corre- 
sponding to the linear region of the lightcurve and at a 
point corresponding to saturation of the latter, 

In this case all the measurements are made with one 
object in the same geometrical conditions, A very con- 
venient circumstance in practice is that there is no need 
to know the absolute values of the temperature or inten- 
sity, since the addition of any constant value or an in- 
crease of the temperature or intensity values by an ar- 
bitrary number of times do not affect the ratio of the 
slopes of the curve at any two points, Hence, cooling 
of the object due to transpiration or slight heating due 
to respiration will not affect the results of the measure- 
ments so long as they are independent or fairly indepen- 
dent of the light intensity, This means, in particular, 
that we need only determine the relative light intensi- 
ties used for plotting the heating curve, and this is a 
simple practical problem, For the reasons mentioned 
above, slow monotonic temperature changes due to a 
change in temperature of the surroundings will not be 
significant either, 

For a clearer representation of the basic assump- 
tions underlying the method we will deduce a formula 
for € in a more general form, Here we will assume that 
the object is an algal suspension contained in a highly 
reflecting metal cup, the temperature of which can be 
measured, The top of the container is tightly sealed 
with a transparent lid, 

We use the following symbols: 

I is the intensity of the light falling on the suspen- 
sion; 

a is the fraction of energy absorbed by the alga; 

c is the fraction of energy absorbed by the cup; 

P is the rate of photosynthesis, i.e.,the amount of 
energy stored by the suspension in unit time. + 

R is the rate of any possible exothermic reaction 
and, in particular, respiration, Generally speaking, the 
rate of these processes may depend on the rate of energy 
absorption, i,e,,on 

f is the rate of cooling of the suspension owing to 
evaporation or transpiration; 

T is the temperature of the cup in relation to the 
temperature of its surroundings; 

k is the heat transfer coefficient of the cup filled 
with suspension; 

€ = P/ al is the energy yield of photosynthesis, 


t It there exist several types of photoendothermic reac- 
tions in plants, we unite them here under the common 
name of photosynthesis, 
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As we know, in steady-state conditions the amount 
of heat given up to the surroundings by any body with a 
temperature exceeding the temperature of the surround- 


ings by T is Q=k-T. 


Hence, after the temperature in the cup has settled 
this temperature will be given by the relationship 
a+c)/—P+R— 
T == (5) 
The slope of the heating curve is equal to 
dT 
dik 
Experiments show that even if evaporation is not 
completely eliminated owing to imperfect sealing of - 
the cup the rate of evaporation will still be practically 
independent of the light intensity in the conditions of 
the experiments and, hence, df/ dI= O. 
At sufficiently high light intensities the pure gas 
exchange, being the result of the simultaneous action 


of photosynthesis and respiration, is saturated. This indi- 


cates that P-R is constant at sufficiently high light inten- 
sities, i.e., 


The question of the validity of this point in regard to 
energy conversions will be discussed below. Thus, at suf- 
ficiently high light intensities we can write from formula 


(6) 
d7 a-+e 
(7) 


Fig. 2, For calculation of value. 
of €, 
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At low light intensities, corresponding to the linear 
region of photosynthesis, we will have 
P = 
according to the definition of €9, Hence, 
dT a+c ae 1 /dR 
(zr), ip (ar), (8) 
Substituting the value of K from (7) in (8) and solv- 
ing for €», we obtain 
dl /o 1 {dR 


c 
Eq (14+ 5) (9) 
dl co \ 

This formula differs from the simpler formula (4) in 
the following respects, 

1, The term c/a specifies the heating due to absorp- 
tion of energy by the cup itself. For a rough estimate of 
c/a we will assume that the suspension transmits 40% of 
the light, and the cup absorbs 15% of the light incident 
on it, i,e.,it has a reflection factor of 85%, In this case 
c/a =0,15 X 0.4/0.6 = 0.1. Thus, by neglecting c/a 
we underestimate the value €) by approximately 10%, 
This error will be less,the higher the reflection of the 
cup walls and the more optically dense the suspension, 

2. Term (1/ a)(dR/ takes into account the possibil - 
ity that respiration depends on the light intensity at low 
values of the latter, The question of the existence of 
such an effect is still undecided, In almost all the ex- 
periments to determine the quantum yield it has been 
assumed that the light does not affect the respiration 
rate and the correction for respiration is determined by 
measurement of the respiration in the dark, Neglect of 
the term(1/ a)(dR/ dl), as formula (9) shows, also leads 
to an underestimate of the required value if 


d 
(i), >°- 

Thus, when we use the simple formula (4) instead of 
the more general formula (9) we obtain a value for €y 
which is less than its true value, In this connection it 
should be noted that €, determined from formula (9) in- 


dicates the efficiency of “true” photosynthesis, i.e, ,with- 
out consideration of the energy liberated as a result of 
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Fig. 3. General view of the measuring apparatus, Explanation in text, 
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respiration, It is obvious that the value of the true pho- 
tosynthesis is mainly of theoretical interest. The value 


dT\ 

a \dl ), ( an dT 

(77). 
indicates the efficiency of the resulting effect of energy 
storage and is of more practical value, It is this value 
which is given by formula (4). If the respiration rate is 
independent of the light intensity (on the linear portion 
of the curve), then €‘y = €9, 


TRIAL OF METHOD 

Before putting the proposed method into practice we 
had first of all to verify that the heating curve actually 
has the form shown in Fig, 2, 

For this purpose we set up the apparatus shown in 
Fig. 3. 

The measurements were made with a synchronous 
culture of the alga Chlorella pyrenoidosa which was illu- 
minated by white light of intensity 1000 lux for an hour 
after cell division, The synchronous culture was grown 
by K, S, Spektorov and E, A, Lin*kova of the Photosyn- 
thesis Laboratory of the K, A, Timiryazev Institute of 
Plant physiciogy, to whom the authors express their thanks 

A 0.5 cm” aliquot of the algal suspension was put 
into a silver cup (1) 10 mm high, with inside diameter 
13.5 mm and weight about 1.4 g, The cell was support 
ed by a “spider® cemented to it and consisting of 32 
copper-constantan thermocouples, Electric insulation 
between the cell and thermocouples was provided by a 
Lavsan (Dacron) film about 5y thick, The cold junctions 
of the thermocouples were cemented (also through Lavsan) 
to a massive brass cylinder (2) weighing 8500 g. To main- 
tain a constant temperature the cylinder was contained 
in a massive copper box (3), The suspension was illu- 
minated by light from a 110 v, 300 w incandescent 
lamp supplied through a ferroresonance stabilizer and 
regulated by means of an autotransformer, A system of 
glass and liquid fiiters, shown in Fig, 3, isolated green 
light in the spectral region 425 to 690 my with a half- 
width of about 100 mp (490-590 my). The light inten- 
sity was varied by means of neutral filters NS6, NS7 and 
NS8, and combinations of them. 

The temperature of heating of the cup was propor- 
tional to the emf of the battery of thermocouples. The 
emf was measured by means of a low-ohmic potentiom- 
eter PPTN-1. As an indicating instrument we used a type 
F-16 photocompensation dc amplifier working in conjunc- 
tion with an N-16 recorder. 

Since about 20 min was required for the tempera- 
ture in the cell to settle, the question of shortening the 
time for the readings arose, since measurements for at 
least ten points were desirable for verifying the form of 
the heating curve. Such an experiment would have 
taken three hours and during this time, owing to the set- 
tling of the Chlorella, not only its light-absorbing power 


might change, but also the physiological conditions, par- 
ticularly the gas-exchange conditions, This difficulty 
was overcome in the following way. In preliminary ex- 
periments we determined the approximate final tempera- 
tures (emf) attained at the different light intensities used 
in the experiment. On the potentiometer we then set 
the exploratory compensating voltage thus found and 
rapidly brought the temperature to a value close to the 
final value by illuminating the suspension with light of 
higher intensity, After this the suspension was exposed 
to the experimental light intensity, and the change of 
the emf with time was registered for approximately 2 
min on the recorder, By means of the previously record- 
ed curve of temperature (emf) variation with time up to 
the onset of the equilibrium temperature we were able 
to determine the final value of the emf in the experi- 
mental conditions by extrapolation of the recorded curves. 
In this way we succeeded in determining the relative 
temperature corresponding to each particular light inten- 
sity in approximately 2.5-3 min, and the whole experi- 
ment took about 30 min after the cup was filled with 
suspension. 

Since we only needed to know the relative light in- 
tensities, we determined them from the proportional 
temperatures of heating of inert liquids —"Light Green” 
stain or an aqueous colloidal solution of pigments ex- 
tracted with aqueous alcohol from bean leaves, In the 
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two cases we obtained values proportional to one an- 
other. This also indicated the adequate neutrality of the 
filters, since in the case of using nonmonochromatic 
light and not quite neutral filters the mean absorption 
coefficient of the latter would depend on the form of the 
absorption curve of the liquid in the cup. 

The relative intensity values obtained in this way 
and periodically checked were well reproducible, More- 
over, they were proportional to the absolute light inten- 
sities measured by means of a thermopile, 

Figure 4 shows the heating curves recorded for two 
different cell densities of a Chlorella suspension in War- 
burg buffer No, 9, The emf values corresponding to the 
temperatures of heating of the inert liquids, i.e., values 
proportional to the light intensity, are plotted on the x- 
axis, The emf values corresponding to the temperatures 
of heating of the investigated algal suspension are plotted 
on the y-axis. The curves have the expected form,and 


at higher cell densities the onset of saturation, as it should 


do, occurs at higher light intensities [10], 


Later, after determining the light intensities corre- 
sponding to the initial and final linear portions of the 
heating curve ,we made measurements at three low (on 
linear portion) and three high (saturating) light intensi- 
ties, thus reducing the time of the experiment. We veri- 
fied in special experiments that the settling of the alga 
during these measurements did not affect the results, 

To check the reproducibility of the results we con- 
ducted experiments in which after each determination 
of €9 the cell was again filled with the same suspension 
and €, determined again, In a typical experiment we 
obtained the following data: €9 = 27, 18, 30, 20% or 

Numerous measurements by the above method gave 
mean values for €9 lying in the range 10 to 35%, These 
values are close to those which were obtained in the 
calorimetric experiments of other authors [2-4]. 

For the green light used in our experiments the val - 
ue € 9=25% corresponds to a quantum requirement of 
about 9: 112 kcal/(52kcal X 0.25) © 9, where 52 kcal 
is the energy of 6,02 X 10% quanta of wavelength 540 
mH. 


SUMMARY 

The data given above indicate the fundamental and 
practical suitability of the proposed method, It is based 
on the assumption that at sufficiently high (but not too 
high) light intensities the over-all rate of the various 
energy processes is independent of the intensity, ie. , 
(d(P-R) / 0. This view is based on the results of 
gasometric measurements and hence it would be desir- 
able to confirm it by direct energy measurements, The 
heating curve directly reflects the energy conversions in 
the plant. It is linear at high light intensities and this 
is in accord with the above-mentioned independence of 
energy conversions on light; however, linearity can also 
occur if the energy conversions are proportional to the 
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light intensity. Thus, for a conclusive answer further 
investigations are desirable, ; 

The employed method of measurement may seem 
unnecessarily complex, It may be simplified and, in 
particular, the record of the time course of the tempera- 
ture change can be dispensed with if the period of set- 
tling of the temperature is reduced and its equilibrium 
value measured immediately. This can be done if small 
quantities of suspension are used, but in this case, if the 
fraction of energy absorbed by the cell is not to be too 
high, i.e.,the ratio c/a is not to be too great, it will 
be necessary to work with dense suspensions when small 
quantities of suspension are used, and this might create 
unfavorable conditions for photosynthesis, 

In conclusion we note that the idea underlying the 
present method can in principle be used for contactless 
measurement of photosynthesis in plant leaves, The ar- 
rangement would be as follows, A beam of light of in- 
tensity varying stepwise with time is shone onto a leaf. 
By pyrometric measurement of the temperature of the 
illuminated part of the leaf the heating curve can be 

determined and hence the rate of photosynthesis (the en- 
ergy yield,to be more precise) can be evaluated from 
formula (4), Transpiration and fluctuations of the ambi- 
ent temperature, of course, have a considerable effect 
on the leaf temperature. This effect, however, can pos- 
sibly be reduced to an adequately small value by frequent 
repetition of the measurements, This rapid stepwise vary- 
ing illumination, of course, will give the desired results 
only if thermal equilibrium is rapidly established in the 
leaf, and this in turn is possible if a small area of the 
leaf is illuminated, i.e.,if a very fine beam of light is 
used. In addition, the time of change of the light inten- 
sity must be greater than the induction period of the en- 
ergy conversions, if such a period exists, 
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In recent decades a number of studies [1-5] touching 
on the subject of photosynthesis by marine diatoms have 
been published, Only in one study, carried out by Bar- 
ker [6], can there be found information concerning pho- 
tosynthesis by a dinoflagellate, and this is extremely 
brief, 

A large group of dinoflagellates is widely distributed 
in marine waters; in the Black Sea, for example, they 
comprise 51% of the species of plankton algae, Accord- 
ing to Morozova-Vodyanitskaya [7], they make up a ma- 
jor part of the phytoplankton mass in the summer. Many 
dinoflagellates are the preferred food of zooplankton 
(8] and of certain mollusks [9]. 

These considerations led to the experiments describ- 
ed, which were carried out with the following Black Sea 
dinoflagellates: Prorocentrum micans Ehr,, Exuviaella 
cordata Ostenf, Peridinium trochoideum (Stein) Lemm, 
Gymnodinium wulffii Schiller, 

These species grow very weli in pure culture on 
Allen and Nelson's unsterilized nutrient solution [10], 
Prior to the experiments, the stock cultures were diluted 
with the same solution and cell counts were then made, 

Rate of photosynthesis was determined by the oxygen 
modification of the flask method, Oxygen was deter- 
mined according to Winkler’s method, 

With this method ,true photosynthesis (P,), apparent 
photosynthesis (P,), and respiration (R) could be deter- 
mined, For comparison of data obtained with the differ- 
ent species, photosynthesis and respiration were expressed 
in mg oxygen per mg algal tissue, The latter was deter- 
mined according to the table of Morozova-Vodyanitskya 
[11]. 

Flasks containing cultures (volume 35-60 ml) were 
exposed to diffuse daylight at a north window of the lab- 
oratory. From August, 1959, a luminostat with a ZS-% 
500-watt lamp was used for experiments, Light intensity 
was changed by changing the position of the lamp rela- 
tive to the flasks, Flasks were protected from overheat- 
ing by circulating water under the light source, Light 
intensity was measured with a Yu-16 light meter supplied 
with an F-102 photoelement. 

To determine photosynthetic activity below the 
water surface under natural conditions, cultures were 


set out at six depths — 0, 5, 10, 25, 50, 75 meters — in 
the central part of the Black Sea (43°07" lat,, 31°05° 
long.) on the summer solstice in June, 1959, 

The first series of experiments was performed in the 
laboratory from January to May, 1959, under conditions 
of diffuse daylight. Culture flasks were exposed at a 
north window for 4-10 hours, Data obtained are present- 
ed in Tables 1 and 2, : 

As shown in Table 1, oxygen consumed by Prorocen- 
trum micans in true photosynthesis ranges from 0,0155 to 
0.0240 mg per hour, with an average of 0.0194 mg. Res- 
piration varies within wider limits — from 0,0035 to 
0.0186 mg O, per mg tissue per hour, with an average of 
0.0096 mg. Apparent photosynthesis is determined by 
the difference between true photosynthesis and respiration, 
Since the first of these two values fluctuates slightly, 
while the second undergoes considerably greater varia - 
tion, the fluctuation in apparent photosynthesis from 
0.0032 to 0.0144 mg O, is mainly due to the respiration 
component, 

No clear dependence of oxygen requirement on ex- 
perimental conditions could be established. Only in ex- 
periments conducted in March and May could an increase 
be detected. 

The ratio of respiration to true photosynthesis also 
showed quite wide variation in the experiments with 
Prorocentrum micans, ranging from 21,1 to 86,0%, with 
an average of 49,5, 

Data from experiments with a Gymnodinium wulffii 
culture are presented in Table 2, 

For this culture, true photosynthesis shows greater 
variation than in Prorocentrum micans — from 0,0084 to 
0.0464 mg O, per mg tissue, with an average of 0,0196 
mg Oz, These values were smaller for experiments per- 
formed in January and March and larger for those per- 
formed in May. Only in'May did respiration deviate 
significantly from the average value (0,0123 mg Oz) to 
0.0362 mg Oz Apparent photosynthesis showed slight 
variation, with an average value of 0.0072 mg O; per mg 

tissue. The average ratio of respiration to true photosyn- 
thesis, 62.7%, was higher than for Prorocentrum micans. 

A comparison of figures for these two species repre- 
senting experiments performed on the same day (March 
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TABLE 1, Photosynthesis and Respira- 
tion of a Prorocentrum micans Culture 
in Short-Term Experiments under Nat- 
ural Illumination (in mg O, per mg 
tissue mass per hr) 


Date Py R | | R/P, 
Jan. 17 | 0.0155 | 0.0062 | 0.0093 | 39.9 
Jan. 20 | 0.0170} 0.0036 | 0.0234] 21.4 
Jan. 23 | 0.0195 | 0.0090 | 0.0105 | 45.41 
Feb. 10 | 0.0191 | 0.0047 | 0.0144] 24.6 
Mar. | 0.0240 | 0.0155 | 0.0085 | 64.5 
May 15 | 0.0218 | 0.0186 | 0.0032 | 86.0 
Average | 0.0194 | 0.0096 | 0.0098] 49.5 


TABLE 2, Photosynthesis and Respira- 
tion of a Gymnodinium wulffii Culture 
in Short-Term Experiments under Nat- 
ural Dlumination (in mg O, per mg 
tissue mass per hr) 


Date Pr R Pa | R/Py 
Jan; 29 | 0.0414 | 0.0037 | 0.0074 | 33.3 
Mar. 2 | 0.0084 | 0.0052 | 0.0032] 62.0 
Mar. 12 | 0.0135 | 0.0042 | 0.0083] 31.4 
May 5 | 0.0464 | 0.0362 | 0.0102] 78.0 
Average | 0.0196] 0.0123 | 0.0072| 62.7 


12 and May 5) reveals that P, and R are greater for Pro- 
rocentrum micans in March, while in May Gymnodinium 
wulffii is photosynthetically more active, The average 
values for P,, Pa, and R are, however, similar for the 
two species, 

In both cases, short-term experiments showed an in- 
crease in photosynthesis from winter to spring. 

Rates of photosynthesis and respiration for 24 hours 
obtained with four species in the laboratory under natu- 
ral illumination are shown in Table 3, 

True photosynthesis varies the least in Prorocentrum 
micans (from 0.1070 mg Oy, to 0,2840 mg O2 per mg 
tissue) and in Gymnodinium wulffii (from 0,1080 mg to 
0,2255 mg O,), Both the extreme and the average values 
for these two species are quite similar, as was the case 
in the short-term experiments, True photosynthesis 
varies within wider limits in Exuviaella cordata (from 
0.1500 to 0,5360 mg O2 per mg tissue) and in Peridini- 
um trochoideum (0,1130-0,7500 mg O,), The average 
values for these species are, however, quite close, 

In this series of experiments, theR /P; ratio is also 
high, In P, trochoideum it is 34,6%; in G, wulffii, 57.0%; 
in P, micans, 57.4%; and in E, cordata, 60.0%. Compari- 
son of these figures leads to the conclusion that under the 
conditions employed P, trochoideum is the most produc- 
tive of the four species, 

It should be noted that R/ P, values previously report- 
ed are not as high as these, Steemann-Nielsen [12], de- 


TABLE 3. Photosyrithesis and Respiration 
of Dinoflagellates Exposed to Daylight in 
the Laboratory, in mg Oxygen per mg 
Tissue per 24 Hours 


Date | R 


Pr orocentrum micans 


Jan. 3 0. 2322/0. 1230|0. 1092} 52.4 
Jan, 11 0. 1070/0. 0642/0.0428} 59.8 
Jan. 20 |0. 1492/0 ..0603/0.0889) 40.5 
Jan, 22 0. 2450/0. 2098/0..0352) 85.5 
Feb. 10 37.4 
Mar. 30 56.4 
Aug. 12 |0. 1954/0. 1002/0.0949) 51.4 
Average 0. 1915). 1099/0 .0806 57..4 
Gymnodinium wulffii 
Jan. 29 0. 1080/0.0770/0.0310/ 71.0 
Mar. 15 |0.1555/0. 1048/0: 0507) 67.3 
Mar, 25 42.8 
Mar, 30 32.7 
Average |0.1513/0.0864/0.0649} 57.0 
Exuviaella cordata 

Mar. 25 40.6 
Aug. 12 1370} 74.4 
Oct. 15 |0 1500/0.0928/0.0572) 62.4 
Average |0.3663/0.2198)0. 1465; 60.0 
Peridinium trochoideum 

Mar, 25 |0.2030/0.0790|0.1240) 38.8 
Mar. 30 |0.1130/0.0428/0.0702| 37.9 
May 5 0.7500|0. 2500|0.5000) 33.3 
Average |0.3550)0. 1239)0. 2314 34.6 


scribing the radiocarbon method for determining primary 
production of water reservoirs, takes respiration to be 10 
% of photosynthesis, Jitts [13] gives a higher value for 
mixed plankton, from 10 to 25%, and states that the lat- 
ter figure is rarely observed in nature and then only at 
high light intensity, On the basis of observations of a 
Chlamydomonas culture, Ryther [14] attributes the in- 
crease in R/ P, to an increase in cell concentration with 
culture aging, which is accompanied by a change in 
relative activity of photosynthesis and respiration, Accord- 
ing to his data, in a month-old culture with a cell con- 
centration of 4,5 X 108 cells per liter,R/P; exceeds 100% 

The explanations advanced by Jitts and Ryther can- 
not be applied to our results, inasmuch as our experiments 
were carried out at quite low cell concentrations (1-2 
x 10° cells per liter) and at a light intensity not greater 
than 3000 lux, 

Possibly the high respiratory rate observed is an in- 
trinsic feature of the algae in question. It might be as- 
sumed that a considerable part of the assimilates was 
consumed in moving about, It would therefore be ex- 
pected that in stationary diatoms respiratory activity 
would be considerably lower in relation to photosynthesis, 
as was shown by an experiment with Chaetoceros socialis 
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TABLE 4, Rate of Photosynthesis by P. micans and E. cordata in a Luminostat under Artificial Illumination (in mg O, 
per mg tissue per hr) 


P 4 
Py at at at 10% Py at at Py at 104 
10* lux 2x10*lux |P,at2x 104 lux 2x10‘ lux | Py at 2x 104 


Prorocentrum micans Exuviaella cordata 


Aug. 18 0.0174 0.0142 Aug. 20 0.0171 0.0157 91,7 
Aug. 20 0.0205 0.0177 Aug. 24 0.0210 0.0214 101.8 
Oct. 15 0.0225 0.0171 Oct. 15 0.0242 0.0235 97.3 
Oct. 21 0.0184 0.0159 


Average 0.0194 0.0162 Average 0.0207 0.0202 97.5 


P,, % performed in October, 1959, An R/ P; ratio of 12% was 
ia obtained, Indirect support for this explanation is provid- 
ed inthe data on division rate obtained by Morozova- Vody - 
| anitskaya and Lanskaya [15], 
The small conjugating diatom species divide consid- 
2s 20 erably more rapidly than the motile dinoflagellates. 
For example, the diatom Skeletonema costatum can di- 
Fig. 1, Rate of photosynthesis by vide every 3 hours, and Chaetoceros socialis every 8-10 
G. wulffii (in %) at various light hours, while P, micans divides every 18 hours, G, wulffii 
intensities, every 20-24 hours, and E, cordata every 18-20 hours 
(maximum rates given), 
With some idea of the response of photosynthesis in 
D dinoflagellates to light of various intensities, experiments 
with artificial illumination can be carried out (Table 4), 
P, micans and E, cordata cultures were exposed to 
light intensities of 10000 and 20000 lux for 4 hours, 
: : As Table 4 shows, at 20000 lux P, micans photosyn- 
thesizes at a rate 80% that at 10000 lux. E, cordata pho- 
tosynthesizes at about the same rate at both intensities, 
Experiments with G, wulffii were carried out over 
a greater intensity range — 2500, 5000, 7500,10000, and 
20000 lux, 
Photosynthesis was more rapid at 7500 lux (Fig. 1). 
sy It was least rapid at 20000 lux, the rate being only 


Light intensity, % 


é Fig. 2. Rate of photosynthesis of 
a individual dinoflagellate species 
: in relation to underwater light in- 4 
tensity. 1) Light intensity; 2) Pro- 
rocentrum micans; 3) Gymnodin- nig, 3. 


ium wulffii; 4) Peridinium trochoj- rocentrum micans at various 
deum depths in Sevastopol bay. 1) 


Cloudy (November 11); 2) 
clear (November 14). 
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5AM 3AM 1AM OPM 5PM 8PM 
Time of day 


Fig. 4. Daily course of photosynthesis 
(August 13, 1959) of certain dinoflag- 
ellate species. 1) Prorocentrum micans; 
2) Peridinium trochoideum; 3) Exuvia- 
ella cordata; 4) Gymnodinium wulfii. 


about 50% of the maximum. Here there is evidently an 
inhibitory effect of light of high intensity, A similar 
effect was observed at the upper stations (0-5 meters) 
during exposure of cultures in the sea (Fig, 2). Maximum 
rates of photosynthesis were found at a depth of 5-10 me- 
ters, i.e,, at a depthat which about 25% of the light en- 
ergy incident at the water's surface is available, accord- 
ing to Berezkin, Gershun, and Yanishevskii [16], Below 
this depth, the decrease in photosynthesis follows the 
light intensity curve quite closely, This phenomenon 
has been established on many occasions for diatoms [4] 
and total phytoplankton, 

Figure 2 shows that the main zone at which these 
dinoflagellates photosynthesize extends from 0-25 me- 
ters, The compensation point was found at about 25 me- 
ters depth. 

In the fall (November), when there is a reduction in 
total solar radiation, no decrease in photosynthesis by P, 
micans at the water’s surface was observed (Fig. 3),and 
indeed photosynthesis was at a maximum at the surface, 
It should be noted, however, that the componsation point 
was found at a depth of 5 meters on a clear sunny day, 
while on a cloudy day, photosynthetic activity even at 
the surface was below the compensation point, 

An attempt was made to determine the relationship 
of photosynthetic rate to time of day, Experiments on 
which the curves of Fig. 4 are based afford a picture 
of the daily rhythm of this process, 

Culture flasks were exposed at the north window of 
the laboratory on a clear sunny day in August, 1959, 

Three species — B, micans, P, trochoideum, E, cor- 
data — have their maximum rate of photosynthesis at 2. 
PM, The curves for these species differ little, The 
curve of G, wulffii is somewhat distinct from the other 
three, its maximum being at 11 AM. the entire curve 
lies a considerable distance below the other three, The 


absence of a midday depression indicates that these are 
light-loving species, 


SUMMARY 


The following preliminary conclusions can be made 
on the basis of study of photosynthesis and respiration in 
certain dinoflagellates: P, micans Ehr., Exuviaella cor- 
data Ostenf,, Peridinium trochoideum (Stein) Lemm, and 
Gymnodinium wulffii Schiller. 

1, In diffuse natural daylight (up to 3000 lux) the 
most productive species is P, trochoideum, 

2. The ratio of respiration to true photosynthesis 
is high in all cases (from 34,6% for P, trochoideum to 
60% for E, cordata). 

3, It was established by exposure of cultures in the 
sea that photosynthetic activity occurs mainly in the 
zone from 0-25 meters in depth, 

4, Photosynthesis-is maximal at a depth of 5-10 me- 
ters, The curve for rate of photosynthesis at depths lower 
than this quite accurately duplicates the curve for light 
intensity, 

5, All dinoflagellates studied are light-loving forms. 
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SECONDARY PRODUCTS OF PHOTOSYNTHESIS 


IN FINE-FIBERED COTTON 
A. K. Nosov 


Institute of Botany, Turkmenia SSR Academy of Sciences, Ashkhabad 


Translated from Fiziologiya Rastenii, Vol. 8, No. 2, 


pp. 178-182, March-April, 1961 
Original article submitted January 25, 1960 


Primary products of photosynthesis, whose nature is 
as yet incompletely understood [1-3], are converted by 
enzymatic action in assimilating organs to relatively 
stable secondary materials, It is possible to determine 
these by conventional methods of chemical analysis, 
Their nature, which depends on the complex, many-sided 
metabolism of higher plants, is to some degree specific 
for a given species or variety [4, 5]. These secondary 
products also vary in the course of plant development, 

The study was performed in 1954-1959 using for 
the most part one of the better commercial varieties of 
fine-fibered cotton, 21Z, Investigations were timed for 
August, when growth of ovaries and bolls is heightened, 
At this time, therole of individual products of photo- 
synthesis in crop formation should be most clearly mani- 
fested. 

Leaves were analyzed for carbohydrates, nitrogenous 
substances, organic acids, minerals, and fats, 

Carbohydrates were determined by the method of 
Kizel* [6]. 

Total nitrogen was determined by the Kjeldahl meth - 
od, protein nitrogen by the method of Barnshtein- 
Shtuttser, and nonprotein nitrogen by the difference be- 
tween total and protein nitrogen, Citric acid was deter- 
mined according to Kametiani and malic acid accord- 
ing to Pucher and Vickery, Fats were extracted with 


ethyl ether in Soxhlet vessels, Ashing was carried out 

in muffle furnaces at 800 deg, For dry weight deter- 
minations, material was dried in a drying oven at 100- 
105 deg, Reducing sugars were determined by the method 
of Hagedorn and Jensen; for cotton this method yields 
somewhat higher values than the Bertrand method, but it 
is more convenient, 

In cotton there are three types of photosynthesizing 
organs: leaves of the main stem, sympodial leaves, and 
floral bracts, They are distinctly different from one an- 
other in amount of photosynthetic activity and in nature 
of metabolism. 

In Table 1 are presented data (arithmetic means of 
12-16 samples) on the content of materials of relatively 
large metabolic activity in these organs, 

These data show that cotton leaves contain quite 
a diverse group of substances, As was to be expected, 
there are a fairly large number of carbohydrates, hemi- 
cellulose being the predominant form; in the alcohol- 
soluble fraction, the sugars, sucrose was most prominent, 
There is a considerable amount of protein, which com- 
prises the main body of nitrogenous materials, Leaves 
of the main stem had the greatest amounts of protein, 
and leaves of the sympodium the smallest amounts; on 
the other hand, carbohydrates occurred in the greatest 
amounts in these latter organs, 


TABLE 1. Average Content (in % of dry weight) of Physiologically Active Materials in Assimilating Organs of Cotton 


(variety 21Z; bell formation stage) 


Carbohydrates 


Nitrogeneous Organic acids 


1st group 


Photosynthesizing 


monoses 
sucrose 
2nd group 
3rd group — 


4th group — 


materials X 6,25 


hemicellulose 
nonprotein 


nitrogen 
nitrogen 


Leaves of 
main 


stem 
Leaves of 

sympodium 
Floral bracts 


~- 
es 
ro) 
+e 1,32 1.82] 1.07 2.39] 1.85 8.01 | 21.06 1.89 2.73] 6.18] 9,90 16.65 ee 
1.75 2.25 1.66 2.23 2.76 14.77 13,31 1.50 3.00 5.37 7.15 10.43 
pe 2.06 1.89 1.56 3.31 2.43 10,84 14,68 1,75 5.15 4,73 6. 24 13.88 Es | 
x 

= 
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TABLE 2. Main Products of Photosynthesis in Cotton 


Rate of photosynthesis, 
g/m? 


In % of dry matter synthesized 


Photosynthesizing 
organ 


daily average 
average for 
period of expt. 


nitrogeneous 


materials X6,25] ganic acids: 


citric and 
malic 


protei 
nitro- 
gen 


nonpro- 
tein 
nitrogen 


carbohydrates 


Leaves of main stem 
Protein nitrogen 
Nonprotein nitrogen 


= 
© 
= 
woe © 
Oo oO 


0.72 
1.36 
2,27 


15.93 
8.31 
12.75 


TABLE 3. Qualitative Analysis of Carbohydrates Formed by Photosynthesis in Cotton Leaves 


Total carbohy - 


Percent of total carbohydrate 


drate formed in 


Photosynthesi - 1 br, g per m* 


lst group 


3rd group —- | 4th group — 


zing organ 
8 leaf surface 


monoses sucrose 


higher starch hemicellulose 


sugars 


Leaves of main 
stem 

Leaves of 
sympodium 

Floral bracts 


There are fairly large amounts of organic acids (8- 
10%) in all the photosynthesizing organs, In the main 
stem leaves there is more malic acid than citric acid, 
and in the bracts there is less, Fats are most concentrat- 
ed in the main stem leaves and least concentrated in 
the bracts, Minerals are most abundant in leaves of the 
main stem and least abundant in leaves of the sympodium. 
Already it is evident from these data that there are some 
differences in metabolism of the various photosynthesiz - 
ing organs, 

The processes of photosynthesis, respiration, and out- 
flow of assimilates are occurring simultaneously in a 
leaf, According to the findings of Kostychev and Kordo- 
Sysoeva [7], photosynthesis proceeds at varying rates in 
the course of a day, This is also shown by the studies of 
Nasyrov [8] with native varieties of cotton, According 
to our data, rate of photosynthesis in the various assimi- 
lating organs of fine-fibered cotton shows the following 
daily patterns, In leaves of the main stem and the sym- 
podium, it is most rapid during the morning hours (from 
6AM to11:30 AM), and in floral bracts, during the 
midday hours (from 11 AM to3 PM), By selecting the 
time of day at which photosynthesis is most rapid to 
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study this process, one can ensure that it will be predomi- 
nant over the other processes, By ringing of the leaf pet- 
iole, one can minimize assimilate flow still further. 
These procedures have been employed in the experi- 
ments described below, The data of Tables 2 and 3 ap- 
ply to the time of day when photosynthesis was most 
rapid, 

Photosynthesis was studied by Sachs* method, Leaf 
samples were collected at 6:30 AM, 11AM, 3:30 PM, 
and 8PM, At each collection, part of the leaves were 
covered with opaque paper bags, which were shielded 
from above with white paper to prevent overheating of 
the leaves, Leaves of the main stem were taken from 
the 5th, 10th, and 15th nodes; sympodial leaves were 
taken from the first and fourth nodes of the fourth and 
longest sympodium. Floral bracts were taken from the 
same places, Each sample was made up of leaves collect- 
ed from 20 plants typical for the field. Disks of a cer- 
tain size were cut out and then dried in glass containers 
to constant weight. Parallel samples of leaves were 
fixed with steam ia a Koch apparatus, dried, minced, 
and analyzed. Data obtained are expressed on a unit 
area basis. The difference in amounts of a given sub- 


36.37 0.67 2.22| 27.91 
17,52 0.78 0.78 | 11.67 
55.28 3.16 3.07 | 22,25 

7 2nd 
1.45 8.72 18.83 1.37 18,98] 8,11 44,16 
2.40 2.40 1.85 1.76 3.32] 5.07 79.60 

1.24 10.19 11.44 7.50 19.82] 9.11 41,72 
= 


TABLE 4. Effect of Light Intensity on Photosynthesis and on Qualitative Composition of its Products (amount synthe - 


sized, mg/ m?/hr) 


Average | Average 


rate of 


Carbohydrates 


Organic nitrogen X 


light in- 
tensity, 
lux 


photosynthe - 
sis, g/m? /hr 


higher 
sugars 


sucrose 


x 6.25 
hemicel- 
lulose 


starch 


protein nonprotein 


56,000 
25,000 
1,600 


2.82 
1,86 
1.03 


105.9 
104.1 
103.0 


341,2 
52.6 
24,7 


17,2 
189.6 
19.8 


stance at the beginning and the end of an exposure period 
represents the amount accumulated during this period; 
where leaves were covered, this difference represents the 
amount translocated out of the leaf. The sum of these 
two values represents the total amount of the substance 

in question formed in photosynthesis. In several cases 
outflow of such substances was prevented by ringing of the 
petiole. 

The data of Table 2 show that the main products of 
photosynthesis in cotton are carbohydrates and proteins, 
Other organic materials — nonprotein nitrogen, organic 
acids, fats — are formed in the light in extremely small 
amounts which comprise less than 5% of the total assim- 
ilates, Only in floral bracts is a certain increase in 
organic acids, mostly malic acid, noticeable, Protein 
synthesis is greatest in leaves of the main stem, while 
sympodial leaves produce carbohydrates for the most 
part. Minerals play an extremely important role in for- 
mation of dry matter by the leaf, Production of protein 
and colloidal materials such as starch is related to min- 
eral absorption, since protein exists in salt form, and 
since colloidal micellae are surrounded by a cloud of 
ions, Table 2 shows that the more protein produced by 
a photosynthesizing organ, the greater the amount of 
minerals it absorbs, We attribute the increase in miner- 
al content of a leaf during photosynthesis to this fact. 

Both chemically and physiologically, carbohydrates 
are an extremely complex group of substances, They 
are the chief products of photosynthesis in cotton, In 
Table 3 are results of analysis of this group showing rela- 
tive amounts of its component fractions, 

These results show that half or more of total carbo- 
hydrate synthesized is hemicellulose, Sugars (1st group) 
are synthesized to a smaller extent, predominantly in 
the form of sucrose, 

Our results support those of Kdrdésy [9] showing that 
50% of the carbon incorporated during photosynthesis 
resides in hemicellulose of the cell wall, A.Moiz [10] 
states that pentoses play a leading role in photosynthesis, 
Xylan and araban, pentose polymers, are components of 
cotton hemicellulose, Our finding that pentose deriva- 
tives make up a considerable part of the final products 
of photosynthesis to some degree supports Moiz* conclu- 
sion, 


394.9 
207.0 
35.1 


414.6 
527.4 
404.4 


346.0 
195.7 
23.9 


38,9 
17,7 
11.9 


On the basis of his own observations and some re- 
ported in the literature, I, A, Tarchevskii [11] concludes 
that, of the fractions insoluble in water and alcohol, 
starch and cellulose take up radioactive carbon last of 
all, but in the largest amounts, To some extent this is 
in accordance with our findings, 

In 1957-1959, we performed experiments to study 
the effect of light intensity on the nature of photosyn- 
thetic products, At the end of July, part of a field plot 
was covered with two layers of gauze, a second part with 
canvas, and a third was left uncovered, A week later 
early in August, the diurnal pattern of photosynthesis 
was determined in leaves of a middle node by Sachs’ 
method, and products of photosynthesis were identified 
by the methods described above. At the same time, 
light intensity was measured with a light meter every 
two hours during the daylight period. Data obtained 
(arithmetic means) are presented in Table 4, 

These data show that rate of photosynthesis is de- 
termined by light intensity, and that qualitative compo- 
sition of photosynthesis products is especially dependent 
on this factor, First and foremost, it should be noted 
that protein synthesis depends on light intensity, At low 
intensity, the leaf’s capacity for protein synthesis is low, 
while synthesis of nonprotein nitrogen is reiatively greater. 

This phenomenon can be explained by the finding of 
Moiz [10] that at weak light intensity amino acid syn- 
thesis is relatively more rapid. 

Reduction of light intensity leads to reduction in 
synthesis of protein, starch, and sucrose, but has no effect 
on hexose synthesis and increases either absolutely or 
relatively synthesis of hemicellulose, 


SUMMARY 


The chief secondary products of photosynthesis in 
the cotton plant are carbohydrates and proteins, The pre- 
dominant carbohydrate synthesized in the cotton plant 
is hemicellulose, particularly large amounts being formed 
in the sympodial leaves, Synthesis of protein substances 
depends on the illumination, With decrease of the light 
intensity the rate of protein synthesis decreases, 


Ae 
monoses 
$4 
Vie 
ere 
pe 
: 
| 
ge 


LITERATURE CITED 


E, A, Boichenko, Second All-Union Conference on 
Photosynthesis, Abstracts of Proceedings [in Rus- 
sian] (Moscow State Univ. Press, 1957), 

A, A, Nichiporovich, Collection: Problems in Pho- 
tosynthesis [in Russian] (Acad, Sci. Press USSR,1959). 
E, Rabinowitch.Photosynthesis [Russian translation] 
(IL, Moscow, 1951). Vol. 1. 

T. F, Andreeva, £, Ya, Nal*borchak, and M, V. Tik- 
homirov, Collection; Problems in Photosynthesis 
{in Russian](Acad, Sci, USSR Press, 1959), 


9. 


A, V, Blagoveshchenskii, Metabolism of Nitrogen- 
ous Compounds in Plants [in Russian] (Acad, Sci, 
USSR Press, 1958), 

A, R, Kizel*. Practical Manualin Plant Biochemis- 
try [in Russian] (Biomedgiz, 1934), 

S, P, Kostychev and Kordo-Sysoeva, Observations 
of the Diurnal Course of Photosynthesis, Izvest. 
Akad, Nauk SSSR, seriya biol., 6, 467 (1930), 

Yu, S, Nasyrov, Photosynthesis and Cotton Yield 

{in Russian](Acad, Sci, Tadzh SSR Press, Stalina- 
bad, 1956), 

KOrdsy. Leitschr. fur physiolog, Chem, 86, 368,1913, 


10, A, Moiz, Fiziol, Rastenii 6, 274 (1959), 
11, I A, Tarchevskii, Fiziol, Rastenii 6, 365 (1959), 


All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 


6, 
1, 
2. 
3. 8. 
/ 4, 
4 
136 


INTERACTION OF HETEROTROPHIC AND AUTOTROPHIC 
NUTRITION IN POTATO ONTOGENESIS 
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Translated from Fiziologiya Rastenii, Vol. 8, No, 2, 
pp. 183-187, March-April, 1961 

Original article submitted August 12, 1959 


One of the causes of reduction in rate of photosyn- 
thesis is a periodic lagging in rate of photosynthate con- 
sumption behind that of its formation, with a resulting 
saturation of leaves with assimilates, 

That there is a definite ratio between rate of pho- 
tosynthesis and rate of growth, which requires organic 
materials, is well known, Entrance of supplementary 
amounts of organic materials into the sphere of action 
of photosynthesis gives rise to phenomena similar to the 
depression of photosynthesis by photosynthate excess [1]. 

In this connection, the existence in certain plants 
of an auxiliary source of organic substances, the tuber 
in the case of potato, deserves attention. 

It is also of interest that greening of young seedlings 
upon exposure to light is not always accompanied by 
photosynthesis; most commonly it is absent in such plants 
(2, 3]. At the same time, it is well known that in ma- 
ture etiolated plants photosynthesis begins immediately 
after chlorophyll formation [2, 4]. To study the effect 
of heterotrophic nutrition from the tuber on photosynthe- 
sis, in 1954-1957 experiments were carried out in which 
the balance between heterotrophic and autotrophic nu- 
trition was altered, the relative vigor of the two types 
was assessed, and yield was determined, 

Alteration of balance was achieved mainly by re- 
moval of tubers at various stages of plant growth, and 
also by certain other methods, 

Photosynthesis was measured in two ways — with an 
Izvoshchikov -Negovelov apparatus [5] using a stream 
of air passed through barium hydroxide containing phe- 
nolphthalein, and bya gravimetric method in which net 
productivity of photosynthesis is determined at 15-25- 
day intervals, with each sample consisting of 90 plants, 

Heterotrophic nutrition was assessed according to 
decrease in tuber dry weight from the original level to 
that at the time of sample collection, 

In growth experiments, potato plants were grown 
on Pryanishnikov's nutrient solution from which carbon 
had been excluded; in the field experiment, they were 
grown on 70-m* plots, plantings being arranged to give 
a 70 X 70-cm basic unit, The experiment was run in 
triplicate. 

To check the reliability of data obtained, yield de- 
terminations and other measurements were made on 
each plant separately, results were treated by variation- 


al statistics, and an average value was then arrived at 
which is shown in the tables, 

Potato variety used was Lorkh, 

In one growth experiment , 18 tubers were sprouted 
in the light and kept there until leafy shoots 10 cm long 
had been formed, Subsequently the plants were placed 
in darkness, and in half of them the tuber was removed 
immediately, After two days indarkness, when traces 
of starch had disappeared from the leaves, all plants 
were once more placed in the light. On each of the 
next four days, average rate of photosynthesis, in mg 
CO, per hour, was determined, 

Results of these determinations are shown in Table 
1, 

As shown in the table, after return to the light plants 
lacking tubers began to photosynthesize immediately, 
while those with tubers showed no signs of activity on 
the first day. On the fourth day, the difference between 
groups had disappeared and the experiment was halted, 
the more so because at this time there was a pathologi- 
cal growth retardation in plants without tubers, 

In the next growth experiment, tubers were removed 
at two times — in younger and older plants, Rate of pho- 
tosynthesis was determined for a month after the begin- 
ning of the experiment, and subsequently the average rate 
for the entire experimental period was calculated, Results 
were as follows: 


Experimental variant Rate of photosynthesis, 


mg CO, /dm?/hr 
Without tuber removal (control) 14,9 
Removal 20 days after beginning 
of sprouting 11,5 
Without tuber removal (control) 15,2 
Removal at beginning of floral 
bud formation 17.4 


As these data show, rate of photosynthesis is reduced 
when tubers are removed at an early stage, while it is 
increased when they are removed later, at the beginning 
of floral bud formation, 

In 1955-1957, field experiments were begun in which 
maternal tubers were removed at various stages of growth 
—8, 16, 25, 33, and 42 days after setting out, 

The diurnal course of photosynthesis in two extreme 
variants—tuber left intact (control) and tuber removed 
at the earliest stage-is shown graphically (figure). 
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TABLE 1. Aftereffect of Tuber Removal on Photosynthe - at the beginning of flowering, This pattern was also ob- 


sis of Potato Plants Given a Preliminary Period in Dark- served in 1957 in plants at the beginning of growth, 
ness (rate of photosynthesis in mg CO,/dnt /hr) In 1957 a treatment was included in which tubers 
were removed at the beginning of flowering. Curves 
; Days after transfer to light for 1957, a hot, dry year, show that at this stage in plant 
Experimental 
edinene development photosynthesis was depressed, Even under 
1 2 3 4 such unfavorable conditions, however, the plants from 
which tubers were removed at the beginning of flower- 
Plants with tubers 0.00 5.1 4.4 9.1 ing exhibited on the whole a higher rate of photosynthe- 
Plants without tubers 9.1 |/14.3 11.7 9.7 sis than those with tubers, and in comparison with those 
from which tubers were removed early the rate was 
much higher, 
The curves show that in 1956 the rate of photosyn- These data were supplemented by determinations 


thesis in the first half of the day was higher in the group _ of net productivity of photosynthesis according to dry 
in which tubers were removed early, while in the second weight increase (in g/ m?/ day) at various growth stages, 
half it was lower, with two sharp depressions occurring with the following results: 


June 5 through July 1 through July.16 through 


Experimental variant July 1 July 16 July 30 
Tubers left intact 2.10 0,32 0,54 
Removal during 

sprouting 1,60 0,12 0,22 
Removal at beginning 


of flowering 2.10 0.59 0,81 


#123456 
PM 


4 


Time of day 
Effect of tuber removal on diurnal course of photosynthesis. A) Beginning 
of growth; B) beginning of flowering; C) before withering, 1) Tuber left 
intact; 2) early removal; 3) removal at beginning of flowering. 


These data show that over a two-month growing As the table shows, in all three years the best yield 
period the average daily productivity was greater in the was obtained with plants from which maternal tubers had 
group with tubers removed at the beginning of flowering | been removed 42 days after setting out, at the comple- 
than in the other two groups. The lowest productivity tion of floral bud formation and beginning of flowering. 
was found in the group subjected to early removal of tu- _—At this time the plant had utilized 70-80% of the tuber. 
bers, Removal of the maternal tuber 33 days after setting 

The tuber yield of plants differing in time of ma- out, when half the tuber had been utilized, did not re- 
ternal tuber removal is shown in Table 2, duce yield in comparison with the control, 


138 


4 
a 
q 
50 
1956 1957 
40 A ae 
E wo J 
= 
AM PM AM 


TABLE 2. Yield of Potatoes in Experiment on Removal of Maternal Tubers 


Time of tuber removal 


Percent utilization of tuber 
at moment of its removal 


Tuber yield per plant, g, 
average of 3 replicates 


(days after setting out) 
1956 


| 1956 


1957 1955 | 1957 


No removal 
After 8 
>» 
» 25 
» 33 
» 42 
After completion of 
flowering 


OO 


With respect to the dynamics of heterotrophic nu- 
trition, all determinations of loss of nutrients from the 
tuber, including some not reported in the table, clearly 
indicate that at the end of the floral bud formation period 
a majority of plants had ceased to draw on reserves 
from the maternal tuber, having used them to the extent 
of 10-80%, 

There were, however, some plants which utilized 
the tuber almost completely and which employed the 
heterotrophic mode of nutrition far beyond the flowering 
period. In these plants, the rate of photosynthesis was 
lower as a rule, 

From these results it might be assumed that prolong- 
ed utilization of organic reserves of the tuber supresses 
autotrophic nutrition, Removal of tubers in similar plants 
was especially effective in increasing photosynthetic ac- 
tivity. We have also obtained data indicating a decrease 
in plant viability associated with prolonged heterotrophic 
nutrition [6], 


DISCUSSION 

These results indicate that the interaction of het- 
erotrophic and autotrophic nutrition in potato must be 
considered in two aspects, The direct effect of hetero- 
trophic nutrition on photosynthesis is a restraining one, 
since a certain supplementary amount of organic material 
is supplied by the maternal tuber, For this reason devel- 
opment of photosynthesis after a period in darkness was 
more rapid in plants lacking a tuber than in those posses- 
sing one, In the field, photosynthesis was more rapid dur- 
ing the morning hours in plants which had been deprived 
of maternal tubers early than in those with tubers, If, 
however, tubers were removed too early from plants 
which, moreover, were exposed to unfavorable environ- 
ment, there was a depression of growth, a curtailment of 
consumption of organic nutrients, and a reduction in pho- 
tosynthetic activity following an initial rise. In the first 
experiment, therefore, we see that on the fourth day pho- 
tosynthesis had slackened in plants without tubers, and 
about this time a lag in growth had begun to be notice- 
able, In plants in the field from which maternal tubers 
had been removed early, the increased rate of photosyn- 


430.0 361 .0 
159.4 
308.0 
326.8 
413.3 — 
479.9 417.0 
348.1 


172.1 


thesis during the afternoon hours was replaced by a de- 
cline, Determinations of average rates of photosynthesis 
over a long period showed that early removal of tubers 
causes a reduction in rate, 

If, however, tubers are removed later, between the 
time of floral bud formation and beginning of flowering, 
when the plant is less dependent on nutrients from the 
maternal tuber, rate of photosynthesis shows a more sta- 
ble increase, This is reflected in increased tuber yield, 

A number of workers [7, 8] have obtained similar 
information on yield in experiments on tuber removal, 
but they have not made parallel observations of photo- 
synthesis, For this reason their findings are not perti- 
nent to the subject of this paper. 

Since there have been found plants which prolong 
heterotrophic nutrition, in contrast to the majority, which 
switch to a wholly autotrophic mode of nutrition at an 
optimal time, the necessity of removing such plants be- 
comes apparent, Selection of potato plants according 
to predetermined criteria of heterotrophic nutrition 
should find application in plant breeding procedures as 
one of the methods of increasing photosynthetic activity 
and plant productivity, 

SUMMARY 

1, The inhibiting action of heterotrophic nutrition 
on photosynthesis has been established, This illumi- 
nates the role of elaborated organic materials in the nu- 
trition of green autotrophic plants from a new stand- 
point, and at the same time emphasizes that the relative 
participation of the two modes of nutrition must be op- 
timal, with the autotrophic mode predominating, but 
without disturbance of the heterotrophic mode, especial - 
ly at early stages, 

2. It can be considered as established that the opti- 
mal time for cessation of heterotropic nutrition in potato 
occurs between the periods of floral bud formation and 
inception of flowering. It is also established that potato 
plants do not require the entire supply of nutrients avail- 
able in the maternal tuber. 

3, It is suggested that selective removal of plants 
with a prolonged period of heterotrophic nutrition will 
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promote an increase in photosynthetic activity and there- 4. 
by in crop productivity. 


1, 
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It is well known that drought resistance in plants is 
determined to a significant degree by their heat resis- 
tance, since under natural conditions dehydration is often 
accompanied by overheating. 

Death of plants at high temperatures has been relat- 
ed by a number of workers to coagulation of protoplasm 
and inactivation of enzymes, However, as Kursanov [1] 
states, this explanation of the lethal effects of 45-50 deg 
temperatures in terms of plants “cooking in their own 
sap" can hardly be considered correct, This is suggested, 
for example, by the fact that with a gradual increase in 
temperature, a plant withstands without injury compara - 
tively higher heat than is the case with an abrupt change 
in temperature, Al‘tergot [2] believes that the cause of 
death at lethal temperatures abruptly applied and at those 
gradually attained are different. 

In elucidating the effect of gradually increasing 
temperature, Astaurov [3] notes that as the temperature 
stimulus is intensified, the plant progresses through the 
following stages: stimulation of vital processes (germi- 
nation, growth, development), development of reversible 
injury (temporary cessation of growth, development,etc.), 
development of irreversible injury (profound metabolic 
disturbances, visible signs of injury). 

In a number of studies facts are adduced which testi- 
fy to injurious effects of protein degradation products, 
ammonia in particular, during exposure of plants to 
supramaximal temperatures [4-7]. Recently, methods of 
increasing resistance to high temperatures such as sprin- 
kling with weak solutions of organic acids and application 
of microelements have been evolved [7], 

Increase in heat resistance of cultivated crops in 
irrigation and nonirrigated agriculture is of enormous 
significance in plant husbandry. 

Unfortunately, in the study of effects of overheating 
relative humidity has not been sufficiently taken into 
account, Usually such studies have been made at a 
moisture deficiency[8-15], However, dehydration per 
se also induces diverse physiological changes, 

It is fully apparent that for a knowledge of the phys- 
iological effects of moisture deficiency, on the one hand, 
and of excessively high temperature, on the other, a dif- 


ferential study is necessary, It should be pointed out, 
however, that delimitation of the two effects presents 
certain difficulties, 

In the light of these considerations, we were inter- 
ested in establishing the effect of high temperature on 
nitrogen metabolism and water relations under conditions 
of high humidity (85-90%), i,e., under conditions in whict 
the dehydration factor is excluded, This study is re- 
stricted to the effect and aftereffect of comparatively 
brief overheating, which does not induce irreversible 
plant injury. 

METHODS 

The following experiments were set up in 1958-1959, 
Moscow wheat and VIR-2 corn were grownin Mitshcerlich 
containers on podzolic sod, At the five-leaf stage, the 
plants were divided into two groups, one of which served 
as a control; the other was placed in a humidified cham- 
ber and for 6 days exposed to gradually increasing tem- 
perature (from +36 deg C to +40 deg C for wheat and 
from +38 deg C to +42 deg C for corn), This was a type 
of hardening. The increased temperature was maintain- 
ed only during the daytime (from 9:00 AM to 5:00 PM); 
at night the temperature was kept at +14-16 deg C, The 
experimental plants were then kept at supramaximal 
temperatures for 48 hours — wheat at +40 deg C, corn at 
+42 deg C—the relative humidity being maintained at 
85-90%, This was done in order to eliminate a possible 
effect of dehydration on plant response to overheating, 

The fourth leaf counting upward was analyzed at 
the following times: before preliminary heating (harden- 
ing); immediately upon cessation of the continuous 48 - 
hour heating treatment; and 1, 3, 6, and 15 days after 


this, 
Total and protein nitrogen content and total, free, 


osmotically bound, and colloidally bound water were 
assessed, 

Let us begin with results of observations of changes 
in nitrogen metabolism. 


Effect and Aftereffect of High Tempera- 


Results of determinations of total nitrogen (accord- 
ing to Kjeldahl) are presented in Table 1. 
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TABLE 1. Total and Protein Nitrogen Patterns in Leaves of 
going Recovery (in mg per g dry weight) 


Wheat and Corn Exposed to High Temperatures and Under- 


Total nitrogen 


Protein nitrogen 


Time of sample collection 


wheat 


corn wheat corn 


exptl. 


control 


exptl. |control | exptl. | control] exptl. | control 


Before heating 

Immediately after cessation of heating 
1 Day after cessation of heating 

3 Days after cessation of heating 

6 Days after cessation of heating 

15 Days after cessation of heating 


53.8 
50.4 
49.7 
47.6 
46.8 


44.9 
44.1 
42.4 
41.8 
40,2 
38.9 


47.4 
47.5 
45.6 
44,2 
42.0 
40.8 


49.0 
46.8 
46.3 
45.4 
42,4 


TABLE 2. Total and Protein Nitrogen Patterns in Roots of Wheat and Corn Plants Exposed to High Temperatures and 


Undergoing Recovery (in mg per g dry weight) 


Total nitrogen 


Protein nitrogen 


Time of sample collection 


wheat 


corn wheat corm 


exptl, 


control 


exptl. | control | exptl. | control] exptl. | control 


Before heating 
Immediately after cessation of heating 


1 Day after cessation of heating 
3 Days after cessation of heating 
6 Days after cessation of heating 
15 Days after cessation of heating 


From these results it is evident that under the in- 
fluence of high temperature, total nitrogen content falls 
22% in wheat and 17,3% in corn, Three days later, how- 
ever, it is rising sharply. 

Parallel determinations of protein nitrogen, which 
was precipitated by the Barnshtein method, were also 
made, Results of analyses, shown in Table 1, support 
the findings of previous workers that high temperature 
induces proteolysis, During the preliminary heating 
and the 48-hour heating, the amount of protein nitrogen 
in wheat leaves decreases by almost 30%, and in com 
leaves by 22.3%. In wheat leaves which have been ex- 
posed to high temperature, the decrease in protein ni- 
trogen practically ceases with removal of the experi- 
mental conditions, In corn, this decrease continues for 
some time, However, three days after cessation of heat- 
ing the plants have completely compensated the loss in 
protein nitrogen, and in wheat there is at this time 17.4% 
more protein in experimental plants than in control 
plants, Six days after heating, the difference is 31%, 

In corm, this difference is 12% after 6 days, and 14% after 
15 days, According to all signs, the aftereffect of high 
temperatures is manifested in a stimulation of protein 
synthesis, resulting in increased levels of protein nitrogen. 
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22.5 
21.8 
22.4 
26.0 
27.5 


18.8 
18.8 
20.8 
24.8 
25,2 


14.9 
22.3 
22.5 
22.7 
24,2 


19.0 
18.5 
19.3 
21.8 
22.7 
24.0 


16.3 
15.9 
16.9 
20.0 
20.3 
21.7 


12,3 
20.3 
20.4 
20.6 
21.9 


Examination of results for total and protein nitrogen 
reveals that behavior of these fractions is similar. Thus, 
in spite of the protein degradation, no nonprotein nitro- 
gen compounds are accumulated, This permits the as- 
sumption that high relative humidity, which, as will be 
shown below, ensures maintenance of high tissue mois- 
ture levels, promotes a vigorous flow of proteolysis prod- 
ucts from the leaves into other organs, It was natural 
to assume that these products would be found in the root 
system, and therefore the appropriate determinations 
were carried out on roots, 

Results of these determinations are shown in Table 
2, 

These results have confirmed our assumption, Actu- 
ally, the total nitrogen content of roots is increased un- 
der the influence of high temperature, this increase be - 
ing 28.2% for wheat and 21,6% for corn, One of the 
causes of this may prove to be accumulation in the roots 
of proteolysis products entering from the aerial organs, 
Moreover, the aftereffect of high temperatures is ap- 
parently manifested in an intensification of the absorp- 
tive activity of the root system, with the result that to- 
tal nitrogen content gradually rises both in the roots and 
the leaves, 


39.3 39.3 32.6 34.3 
38.5 31.6 31.6 30.2 sie 

59.4 44.2 53.3 41.6 
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TABLE 3. Total Water Content Patterns in Leaves of Wheat and Corn Plants Exposed to High Temperatures and 


Undergoing Recovery (in mg per g wet weight) 


Time of sample collection 


Wheat 


control control 


Before heating 

Immediately after cessation of heating 
1 Day after cessation of heating 

3 Days after cessation of heating 

6 Days after cessation of heating 

15 Days after cessation of heating 


845 874 
866 
898 
884 
866 


899 


TABLE 4, Free and Bound Water Patterns in Leaves of Wheat and Corn Plants Exposed to High Temperatures and 


Undergoing Recovery (in mg per g wet weight) 


Free water 


Bound water 


Time of sample collection 


wheat 


corm wheat corn 


exptl. 


control 


control] exptl. | control] exptl. | control 


Before heating 

Immediately after cessation of heating 
1 Day after cessation of heating 

3 Days after cessation of heating 

6 Days after cessation of heating 

15 Days after cessation of heating 


These results have shown that the site of accumula- 
tion of proteolysis products is the root system, But they 
do not indicate the condition of proteins in the roots 
themselves, and determinations of protein nitrogen were 
therefore carried out (Table 2), 

The data show that at high temperature there is no 
proteolysis in the roots, but synthesis instead, During 
heating, protein nitrogen content of wheat roots increas- 
es 25%, and of corn roots, 18.2%, Subsequently there is 
a very marked increase in this fraction in both wheat and 
com, At the end of the period of measurement (6 days 
for wheat and 15 days for corn), the difference between 
experimental and control plants is 36,8% and 16%,respec- 
tively. 

These data indicate that the root system in our ex- 
periments has proven to be more stable to overheating, 
i,e,, it has maintained its synthetic capacity at a higher 
level than have the leaves, 

In our opinion, protein synthesis in roots should here 
be regarded as a protective reaction ensuring detoxica- 
tion of proteolysis products flowing from the leaves, 

To summarize briefly, the following facts should be 
noted, During the heating period, proteolysis processes 
are activated in wheat and corn leaves, However, soon 
after removal of high temperatures proteolysis not only 
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ceases but even gives way to vigorous protein synthesis, 
Thus, brief exposure to heat has had a stimulating ef- 
fect on nitrogen metabolism in the leaves. 

It is of interest to compare changes in nitrogen me- 
tabolism (primarily in protein nitrogen levels) with 
changes in water relations of the plant, to the descrip- 
tion of which we now address ourselves, 


Effect and Aftereffect of High Tempera- 
ture on Water Relations 

Results of gravimetric determinations of total water 
content are presented in Table 3, 

As the data show, at high relative humidity high 
temperature has no significant effect on total water con- 
tent, 


No marked effect was observed after removal of the 
high temperature during plant recovery, 

Free water content was determined according to the 
method of Marinchik [16]. Results are presented in Table 
4, 

As the data show, at high temperature the free wa- 
ter content of wheat leaves is reduced by only 5%, and 
that of corn leaves by 11.4%, 

After the high temperature treatment, there is a 
further reduction in free water of experimental wheat 
plants, but this is less than that of control plants; a day 
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TABLE 5. Patterns of Osmotically Bound and Colloidally Bound Water in Leaves of Wheat and Corn Plants Exposed to 
High Temperature and Undergoing Recovery (in mg per g wet weight) 


Osmotically bound water 


Colloidally bound water 


Time of sample collection 


wheat 


com wheat com 


exptl. 


control 


control} exptl. |control} exptl.} control 


Before heating + 
Immediately after cessation of heating 106 
1 Day after cessation of heating 94 
3 Days after cessation of heating 98 
6 Days after cessation of heating 98 
15 Days after cessation of heating - 


after treatment the difference between the two groups 

is 13%, 3 days after, 10.7%, and 6 days after, almost 7%, 
In leaves of corn plants exposed to high temperature, 
on the other hand, there is an increase in free water, 
and 15 days after cessation of heating the difference 
with the control reaches 59.4%, 

Parallel determinations of bound water (difference 
between total and free water) were made, and results 
are presented in Table 4, 

It can be seen that in both wheat and corn leaves 
exposed to high temperature there is an increase in this 
fraction, 

With removal of the high temperature stimulus, 
bound water in wheat leaves increases, especially in the 
first days, when the difference with the control rises to 
31%. Subsequently the rate of increase falls, and finally 
becomes zero, During recovery of corn plants, there is 
a significant decrease in bound water of the leaves, and 
15 days after heating the difference with the control is 
67%, 


It was necessary to determine which forms of bound 
water were involved in the over-all decrease, and there- 
fore measurements were made of osmotically and col- 
loidally bound fractions, Osmotically bound water was 
determined according to hydration of the cell sap [17], 
and colloidally bound water according to the difference 
between total bound water and osmotically bound water, 


Table 5 shows that in both wheat and corn osmotical- 
ly bound water increases somewhat at high temperature, 
In all probability this increase is associated with accumu- 
lation of osmotically active substances, With cessation 
of high temperature treatment, this fraction decreases, 

It may also be concluded that a high relative humid- 
ity promotes tissue hydration at a high level, and there- 
by favors a vigorous outflow of degradation products, 
Osmotic pressure of the cell sap and content of osmotical- 
ly bound water are therefore maintained at a level close 
to normal, 

Results in Table 5 show that in both wheat and corn 
leaves exposed to high temperature, the content of col- 
loidally bound water increases, this increase being 26.3% 
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89 73 124 
91 143 
94 196 
84 231 
15 283 

103 337 


for wheat and 63.6% for corn, During recovery of wheat 
plants, there is a further increase which is more rapid in 
the days immediately after treatment and less rapid 
after 3 and 6 days, while in corn there is a decrease, 
Fifteen days after cessation of heating, there is almost 
717% less colloidally bound water in leaves of experimen- 
tal plants than in those of controls, although during this 
period there is vigorous protein synthesis in both wheat 
and corn, as noted earlier, To what, then,can the rise in 
the colloidally bound fraction be attributed ? Since part 
of the cell colloids consists of protein, we calculated 
the amount of colloidally bound water per gram protein 
nitrogen, Results of these calculations are presented in 
Table 6, 

The results show that with heating protein hydration 
in leaves of both wheat and corn increases; as recovery 
progresses, hydration gradually falls, with the pattern of 
decline being similar in both cases, 

Our results indicate that at high relative humidity 
high temperature has no substantial effect on total water 
content or on the osmotically bound fraction, This is 
understandable, since high humidity does not lead to a 
suction pressure deficit. Moreover, our results show that 
protoplasmic colloids do not lose their water-retaining 
capacity, This is indicated by data on total water con- 
tent and free water content obtained a day after cessa- 
tion of heating. Any fluctuations occurring subsequently 
are so insignificant that they can be ignored, 

Of greatest interest is the fact that increase in the 
amount of colloidally bound water is associated with de- 
crease in protein content, In all probability, there is 
formation during proteolysis of large polypeptide frag - 
ments which have retained colloidal properties, The 
hydrohilic radicals which were freed in the course of 
proteolysis bind water, The possibility is not excluded, 
however, that cell colloids other than proteins might have 
played a certain role in the increase in colloidally bound 
water, 


SUMMARY 
Investigation of the effect of brief exposure to high 
temperature on wheat and corn plants under conditions 
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TABLE 6. Amount of Colloidally Bound Water per Unit Protein Nitrogen in Leaves of Wheat and Corn Plants Exposed 
to High Temperature and Undergoing Recovery (in g per g protein nitrogen) 


Wheat Corn 
Time of sample collection exptl. | control (1) in % exptl, | control | (1) in 
(1) (2) | of(2) (1) (2) of (2) 


of high relative humidity (85-90%) has revealed the fol- 
lowing changes in water relations and nitrogen metabo- 
lism: 

1, During heating, proteolytic processes come into 
play in the leaves, and products formed are translocated 
to the root system where they accumulate, As a result, 
total nitrogen content of the roots is considerably in- 
creased; possibly an intensification of absorption of 
mineral nitrogen from the soil is also involved, 

2. Soon after cessation of exposure to elevated tem- 
perature, proteolysis stops, giving way to the reverse proc - 
ess, protein synthesis. 

3, Roots proved to be more resistant to overheating 
than leaves, Not only did proteolysis fail to occur in 
them, but there was even an increase in rate of protein 
synthesis, this increased rate being maintained for many 
days after application of heat, Brief exposure to high 
temperature therefore has a stimulating effect on nitro- 
gen metabolism of the roots, 

4, Neither during the heating period nor during re- 
covery were any substantial changes in total water con- 
tent of the leaves observed, 

5, A direct proportionality between protein nitrogen 
content and content of colloidally bound water was not 
found, In both wheat and corn, colloidally bound water 
greatly increases with heating in spite of the decrease in 
protein, From these results it could be assumed that 
content of colloidally bound water does not depend 
directly on protein content alone, but on the presence 
of hydrophilic radicals, i,e,, on the protein's capacity 
to bind water, 
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DEVELOPMENTAL RHYTHM OF CORN GROWN 
UNDER VARIOUS CONDITIONS OF WATER SUPPLY 
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Translated from Fiziologiya Rastenii, Vol. 8, No. 2, 
pp. 196-204, March-April, 1961 
Original article submitted February 11, 1958 


Changes in conditions of the external environment 
entail substantial changes in the development rhythm pe- 
culiar to a given plant in its natural habitat [1, 2, 3}. In 
his studies of acclimatization of orchard plants, Michurin 
[1] has repeatedly observed a retardation in fruit matura- 
tion of western European varieties, He observed a con- 
siderable delay in fruit bearing of plants grown under 
“ordinary” conditions as compared with those grown in 
relatively favorable conditions, With an alteration of 
environment, spring wheat undergoes transition to win- 
ter wheat with a different developmental rhythm [2]. 

One of the factors limiting rate of plant development 
is soil moisture, Evidence of the dependence of develop- 
mental cycles in various plants, including corn, on 
moisture supply is to be found in a number of studies [3- 
20]. Soil moisture levels within 40-60% of complete 
saturation promote a more rapid development of the male 
inflorescence in oats, Reudction to 20%, however, inhib- 
its maturation, while increase to 80% inhibits its forma- 
tion [3]. 

As a rule, high soil moisture induces a retardation 
in development of cereal grains [6, 7, 17, 21, etc.], as 
does too low soil moisture [5, 8, 14, etc,] or drought [13]. 
A retardation of various stages of development under 
drought conditions has been observed in desert plants 
[16, 22, 23, 24}. 

The extent of change in development rate suffered 
as a result of soil drought is closely related to the stage 
of morphogenesis at the time of drought. If the plant is 
exposed to drought in the tillering stage, heading and 
maturation are retarded, while if it is exposed in the 
stages of heading and grain swelling, these processes are 
accelerated [8], In other words, the effect of drought 
occurring at early stages of development is inhibitory and 
at later stages, stimulatory [16], 

These facts suggest that rate of plant development 
as it depends on moisture supply may be altered in various 
directions and within fairly wide limits, This plasticity 
of developmental rhythms provides a basis for the assump 
tion that with prolonged cultivation (over a number of 
generations) of plants at limited moisture supply a new 
thythm should be evolved. 

This study was concerned with the dependence of 
developmental rhythm (including growth rhythm) of 
corn on moisture supply conditions at definite stages 
of morphogenesis, and also with the effect of such condi- 
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tions on the developmental rate of succeeding generations. 
The study was carried out in 1954-1957 in the arid 
zone of Pribalkhash district (Ilii Experimental Base, 
Academy of Sciences, Kazak SSR). 
The almost complete absence of summer precipita - 
tion in this region afforded favorable conditions for per- 
formance of experiments utilizing irrigation methods. 


METHODS 

Experimental material consisted of Alma-Ata 236 
corn. Control plants were grown at a relatively opti- 
mal moisture supply, with five applications of water 
(treatment 1), A second group of plants was grown on the 
same irrigation regime but with fertilizer added, 
NeoPi20K 39 per hectare (treatment 2), The first watering 
was performed in the period of differentiation of growing 
points into internodes and leaves; the second — in the 
period of initiation of reproductive organs; the third — 
in the period of fertilization; the fourth — in the period 
of grain swelling; the fifth — in the waxy stage. These 
periods were arbitrarily designated 1, 2, 3, etc, Experi- 
mental plants were exposed to brief intervals of soil 
drought in the first period (treatment 3), second (treat- 
ment 4), third (treatment 5), and during the first two 
periods (treatment 6) and first three periods (treatment 
7). Additional treatments consisted of exposing plants 
to drought from the beginning of the second (treatment 
8), third (treatment 9), and fourth (treatment 10) periods 
and allowing them to remain under these conditions to 
the end of the growing period, Special hoses were em- 
ployed to control the amount of water applied (normally 
800 m’*), Irrigations were carried out before the advent 
of the next succeeding stage of development, Sowing 
was performed after a normal irrigation (differentiated 
according to the treatment) in a 70 X 70-cm unit square 
pattern, two plants being sown at each point, Soil was 
plowed to a depth of 20-25 cm, After the first two wa- 
terings, the soil was loosened, Plants were grown over 
a period of years on takyr-like serozem soil in 100-m* 
plots. 

In order to reinforce changes which arose within a 
given treatment group, plants were allowed to cross pol- 
linate only,and seeds obtained in this manner were used 
in succeeding years for experiments, Developmental 
thythm was recorded by means of drawings of the grow- 
ing point up to the time of emergence of male. inflores- 
cences, With the inception of flowering of the male in- 
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Fig. 1. Moisture content of soils (average for 1-meter profile), 
Figures on curves represent treatment numbers, 


florescences, a statistical count was made of plants in 
which flowering of the male and of the female inflores- 
cences was beginning, The date on which 50% of the 
plants on a plot had begun to flower was taken as a rel- 
ative measure of massive flowering. 

Soil moisture was measured at depth intervals of 
10 cm to a depth of one meter, duplicate measurements 
being made before and after irrigation, 


RESULTS 
Drought conditions prevailing with various experi- 
mental treatments may be seen in Fig, 1, in which re- 
sults of soil moisture determinations are schematically 
illustrated, Since results for the separate years in which 
the study was carried out are similar, those of the 1954 
experiment are presented as representative. 


Although the length of the drought period for a given 
treatment varied from year to year, it nevertheless ap- 
proximated that of the corresponding stage of morpho- 
genesis, From the data presented it is seen that during 
the drought periods,moisture content of the various soils 
fell to 13-17%, or 25-31% of complete saturation (51- 


54%). The intervals between irrigations varied from 11 
to 28 days,depending on the duration of the particular 
developmental stage. Soil moisture deficiency was mani- 
fested in a marked reduction in leaf turgor during the day- 
time, this being expressed by rolling up of the leaf blades 
and drooping. Irrigation after a drought period raised soil 
moisture content almost to optimal levels. 

Development of the corn plants also showed vari- 
ous patterns according to experimental treatmeni, For 
10-15 days after sprouting (1954 experiment, first gener- 
ation) all plants developed in the same manner, but sub- 
sequent development of the various treatment groups 
showed differences which became increasingly apparent 
with increase in exposure to drought. 

In Fig. 2, which schematically illustrates the course 
of morphogenesis of the first generation (1954 experi- 
ment), it is seen that already in the period of internode 
and leaf formation, designated by the letters a, b, plants 
in groups 3, 6, and 7 have begun to lag behind the con- 
trols noticeably, while those of group 2 are developing 
more rapidly than the controls, At about the time of 
initiation of reproductive organs (Fig, 2 c), the retarda- 


tion in development of groups 6 and 7 was still more 
apparent, while groups 4 and 8 also showed retardation 
and group 3 showed acceleration, Plants in group 2 
passed into this stage considerably earlier than all other 
plants, Other workers have observed a hastening of 
development under the influence of fertilizers [1-5,etc.]. 

The differences became more pronounced with time, 
and the flowering stage was shifted by the various treat- 
ments so as to occur at distinctly different times, depend- 
ing on treatment, The flowering patterns illustrated in 
Fig. 3 show that plants which had been exposed to pro- 
longed soil drought lagged behind the controls to an 
especially marked degree. For example, development 
of female inflorescences in groups 6, 7, 8, and 9 was 8- 
17 days later than in controls, In plants exposed to brief 
periods of drought, however (groups 3, 4, 5), and also 
in plants treated with fertilizer (group 2), massive 
flowering in both male and female inflorescences occur- 
red one to three days earlier than in controls, 

Thus, in corn plants exposed to brief drought 
periods development is accelerated, irrespective of the 
stage of morphogenesis during exposure, On the other 
hand, development is retarded in plants exposed to pro- 
longed drought. Accelerated development results not 
only from exposure to drought at late stages in ontogene- 
sis [16], but even at the very earliest stages, 

It was observed that drought influences develop- 
ment of female inflorescences more strongly than that 
of male inflorescences, Only when conditions are such 
that the plant dies long before emergence of the male 
inflorescence are they absent, If the plant remains 
alive, flowering of male inflorescences occurs even 
under extreme conditions, as a rule, Emergence of 
tassels is not always observed under these conditions, 
however, According to published reports [17, etc,] and 
our studies, elements of the female inflorescence are 
laid down three to four days after those of the male in- 
florescence, and drought increases this interval still 
more, In Fig, 3, the dark areas represent the period 
during which flowering occurs in both types of inflores- 
cence, It is easy to see that the period of vigorous 
flowering in the male inflorescences (M") corresponds 
to only slight flowering in the female inflorescences; 
these latter flower vigorously considerably later (F*), 
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Fig, 2, Schematic illustration of developmental rhythms of cam plants 
of the first (A) and third (B) generations: a, b) differentiation of terminal 
meristems into internodes and leaves; c) development of spikelet primordia 
and initiation of anthers; d) growth of inflorescence organs (second stage); 


e) development and growth of anthers, 


The longer the drought period prevails after sprouting, 
the greater is this interval, This is evidently due to 
the fact that soil moisture conditions during develop- 
ment of the male and female inflorescences are differ- 
ent, As the drought progresses, development of the fe- 
male inflorescences proceeds under conditions more 
severe than those prevailing at the time of male in- 
florescence development, and retardation of the former 
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is therefore more pronounced, This widening of the in- 
terval between flowering of the two types of inflores- 
cence may also account for the occurrence in the field 
of large numbers of plants with underdeveloped ears, 
and for the appearance of sterility, which results ulti- 
mately in a considerable reduction in yield, 
Development of drought resistance is a lengthy evo- 
lutionary process, The character of a plant's develop- 


0006086008 

May 15 
June 9 
d 
5 
(\ 

Aug. 15 


mental rhythm reflects its adaptation to the external 
environment, In this connection, the adaptive changes 
in an organism in response to the action of a given en- 
vironmental factor over a number of generations assumes 
a certain interest, Our studies of a series of generations 
of corn have yielded some information on such 
changes, Since those changes in developmental thythm 
which arose were more vividly apparent in the third 
generation than in the second, we shall not present data 
on the latter, 

The accelerated rate of development induced in 
the first generation by a brief period of drought extend- 
ing over a single stage of morphogenesis (see Figs. 2, 3) 
was repeated in the second and retained in the third 
generation(Figs. 2B and 3 B; treatments 2, 3, 4,5). 
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Fig, 3, Dates of inception of 
flowering in maize of the first 
(A) and third (B andC) genera- 
tions, C) Pertains to treatment 
groups in which the plants were 
grown under identical conditions 
of water supply. M) Date of in- 
ception of flowering in male in- 
florescences; M') date of flower- 
ing of 50% of male inflorescences; 
F) date of inception of flowering 
in female inflorescences; F") date 
of flowering of 50% of female in- 
florescences, 


The amount of acceleration differed for each treatment, 
however, Of special interest are the plants in treatment 
group 3, which developed most rapidly, Apparently the 
action of soil drought during formation of leaves and in- 
ternodes is uniquely favorable for early maturation, a 
fact which could be utilized successfully in selection, 

The retardation of development of the first genera- 
tion resulting from exposure to long periods of drought 
(treatments 6, 7, 8, 9) was manifested in the second 
generation, but gave way in the third generation to an 
acceleration of development, with the exception of treat- 
ment group 6. This shift in developmental rhythm over 
generations is an indication of the extreme lability of 
adaptive changes in development rates induced by un- 
favorable environment. Moreover, the shift from a re- 
tarded to an accelerated rate of development during 
adaptation to drought indicates that the evolution of a 
new developmental rhythm may be cyclic under certain 
conditions. In other cases, where drought is less severe 
and less prolonged, a direct transition to accelerated 
development is possible, especially in mesophytic plants. 

Changes in rate of development of corn plants 
over a series of generations therefore occur in different 
directions, depending on the nature of drought action, 
This is an indication that in the evolution of drought 
resistance in corn, the range of variability in devel- 
opmental rates is extended, In this connection, it ap- 
pears to us that this is one of the biological properties 
which enables the plant to successfully contend with an 
unfavorable environment, However, development rate 
as such is not the factor of the internal milieu which 
underlies successful resistance to drought; the basic fac- 
tor is that which in turn regulates the variability in de- 
velopment rates, namely, metabolic pattern, The phe- 
nomenon of retarded development is only an external 
sign that the plant has entered a state of resistance to 
drought and reflects an internal response which takes the 
form of a retardation in metabolism and a damping of 
physiological activity. In this way the organism gears 
itself to a lesser dependence on the unfavorable environ- 
ment, This condition is evidently of value in tiding the 
organism over unfavorable periods, but in this case should 
be regarded as a temporary one, a transitional stage in 
the adaptation of plants such as corn to drought. 

The adaptive value of retarded development for 
annuals with short growing periods, such as cereal grains, 
is probably not great, since they cannot remain in such 
a condition long. But from the point of view of survival 
and maintenance of the species, the capacity to slow 
down development during brief periods of drought may 
be of value, In plants with a prolonged growth period, 
such as corn, the reduced physiological activity atten- 
dant on retarded development, which is manifested under 
conditions of lengthy drought in the first stages of evolu- 
tion of resistance, is of transient significance, As adap- 
tation proceeds, the capacity for rapid completion of 
the life cycle associated with more vigorous vital proc- 
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Fig. 4, Growth curves of corn plants from the first (A) and third (B) generations which 
had experienced soil drought at various stages of morphogenesis, Figures on curves rep- 


resent treatment applied. 


esses is acquired and is fixed in the hereditary mecha- 
nism, 

Data presented in Fig, 3 C indicate that the ac- 
celerated developmental rhythm acquired in response 
to drought is hereditarily transmitted, Plants of the third 
generation kept at identical moisture supply conditions 
retained the acquired rhythm, the only exceptions being 
those in groups 6 and 7, This is understandable, how- 
ever, since these plants were unable to incorporate the 
changes into the hereditary mechanism in a single grow- 
ing season, and plants of group 6 exhibited retarded de- 
velopment over the three-year period without exception, 
as previously noted, Incorporation of the accelerated 
development pattern is of significance as a factor pro- 
moting drought resistance, Moreover, even in the first 
generation it is of some practical significance from the 
point of view of selection for early maturing qualities, 

The change in developmental rhythm is accompan- 
ied by growth changes (Fig. 4), Normal development 
is associated with the more vigorous growth patterns 
(groups 1, 2); with accelerated development, growth is 
somewhat retarded (groups 3, 4, 5), this being more pro- 
nounced with more rapid development (group 3), The 
greatest growth retardation, however, was associated 
with retarded development (groups 6, 7, 8), Active de- 
velopment at early stages promotes, not retardation,but 
acceleration, of growth (Fig. 3 B), 

It is well known that growth retardation is due to 
irreversible changes arising in a plant which has been 
exposed to drought [8, 21, 25], and such a plant is unable 
to resume growth at its previous rate [25], 

The more pronounced growth suppression in plants 
of group 3, which experienced drought at early stages of 
development, as compared with those of groups 4 and 
5, indicates that irreversible changes are more profound 
at these early stages, Apparently the tensions between a 
young organism and its environment (if unfavorable) are 
particularly acute, and therefore the resolution of these 
tensions in favor of the plant yields a more plastic enti- 


150 


ty with new characteristics, as indicated by Michurin 

[1]. However, to obtain a high yield, which is produced 
only under conditions ensuring normal growth and devel- 
opment, this circumstance necessitates that in cultiva- 
tion of corn in the southern irrigation zones especial 
attention be paid to early stages, those of leaf and in- 
ternode formation and of initiation of reproductive or- 
gans, Where irrigation is delayed till late in these 
periods, there is a marked growth inhibition which can- 
not be compensated by subsequent waterings. 

Plants in groups 3 and 4 are distinguished not only 
by the character of changes in developmental rhythm, 
but also by the extent of changes in the reproductive 
function, In view of the fact that adaptation of plants 
to unfavorable conditions is assessed by reproductive ac- 
tivity — by the number of reproducing individuals — it 
seems to us that a more accurate evaluation of the de- 
gree of drought resistance may be made on the basis of 
the number of seeds produced under drought conditions 
by a plant, and not by its weight, as is often done, 

The extent to which the reproductive activity of 
plants in groups 3 and 4 is altered over a number of gener- 
ations in connection with drought hardening is shown by 
the following data, The ratio of the number of seeds of 
control plants to the number of seeds of plants in group 
3 was 1,12 in the first generation, 1,1 in the second, and 
0.99 in the third; corresponding figures for plants of group 
4 were 1,17, 1.14, and 1,05, We see that plants in group 
3 suffered a smaller reduction in seed number in the 
first and second generations than did those of group 4, 
and in the third generation they even produced some- 
what more seeds than the controls, The two groups dif- 
fered from all the other treatment groups in their great- 
er reproductive activity, But while plants of group 3 
excelled in seed number, those of group 4 excelled in 
seed weight and in gross yield, 

Thus, the repeated action of soil drought over a 
series of generations in the period of leaf and internode 
formation, and also during initiation of reproductive 
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organs, which leads to accelerated developmental 
thythms, is probably the most effective means of increas- 
ing drought resistance, and also yield, The utilization 
in agricultural practice of early maturing forms of corn 
in areas with limited moisture supply is undoubtedly of 
benefit, 


SUMMARY 

1, Exposure of corn to soil drought in the stages 
of leaf and internode formation, initiation and growth of 
reproductive organs and fertilization leads to accelerat- 
ed development, retarded growth, and hastening of ear 
maturation, In the following generations, the accelerat- 
ed development patterns are retained and are evidently 
incorporated into the heredity mechanism, 

2, Prolonged soil drought extending over several 
stages of morphogenesis causes a marked retardation in 
development, growth and ear maturation of the first 
generation, In the next generation, under the same con- 
ditions, this retardation is less pronounced, and in subse- 
quent generations development is accelerated and ear 
maturation is more rapid. 

3. In order to create drought-resistant forms for cul- 
tivation in southern zones with limited moisture supplies, 
corn must be subjected for three successive years to 
soil drought during the period of leaf and internode for- 
mation and also during the period of initiation and 
growth of reproductive organs, 

4, Under certain conditions, adaptation of corn to 


soil drought is accomplished by cyclic changes in growth 
and development rhythms over several generations, with 
shifts from retarded to accelerated rates, This process is 
associated with an extension in the range of variability 
in development rates, 
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The study of enzyme activity in wheat and barley 
grains is of both scientific and practical significance. 
There is a large body of information which indicates a 
relation between quality of grain and commercial prod - 
ucts derived from it, on the one hand, and levels of cer- 
tain enzymes, on the other [1-3], 

A definite correlation has been established between 
catalase content of grain and quality of meal [4], Nanda 
[5] has found that sowing quality is related to catalase 
activity. Elizarova [6] and Giacanelli[7] beiieve that 
catalase activity in grain is an inherited property, In 
many cases, low enzyme activity is an indication of 
good quality and is determined by level of maturity and 
depth of dormancy, 

Ivanov and Knyaginichev [8], and also Lishkevich 
[9], have established the effect of geographical factors 
on catalase activity in wheat and barley grain, 

Wheat and barley from northern and northwestern 
regions of the USSR yield grain with a catalase activity 
many times greater than that of grain from the southern 
and southeastern regions, This is associated by these 
workers with the generally observed physiological imma- 
turity of grain in the northern regions, 

Successful utilization of enzyme activity levels, in 
particular those of catalase and peroxidase, as a criterion 
of seed quality is possible only after a detailed study of 
the effect of external factors, such as fertilizers, has been 
made, There are few studies of this nature [10, 11], 

The amount of fertilizer employed in our country is 
being increased yearly, Not only are yields of our most 
important crops being raised, but their chemical compo- 
sition is being altered in definite ways, Nitrogen ferti- 
lizers exert an especially great influence on crop quality. 

The classical studies of Pryanishnikov have establish - 
ed the fundamental patterns of nitrogen metabolism in 
the plant and the effect on it of various types of ferti- 
lizer. It has been shown that oxidized and reduced forms 
of nitrogen applied as fertilizer have specific effects on 
metabolism and promote accumulation of certain specific 
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compounds [12-15], However, changes in quality of 
wheat and barley grain as a function of type of nitrogen » 
nutrition have not been investigated. Below are present- 
ed data on the effect of oxidized and reduced forms of 
nitrogen on levels of catalase and peroxidase activity in 
wheat and barley, 


METHODS 

Plants employed in the investigation consisted of rep- 
resentatives of hard and soft wheats — Hordeiforme 10 
and Diamant — and the barley varieties Pallidum K 2/ 14 
and Viner, 

Experiments were carried out at the Biological Insti- 
tute of Leningrad University in the states of Leningrad 
and Petrodvorets, Plants were grown in 10-kg Mitscher- 
lich-Kirsanov containers filled with a 2:1 mixture of 
soil and sand, After thinning there were 15 plants in 
each container, Amounts of fertilizer applied are desig- 
nated separately for each experiment, Analyses were 
performed on whole-grain meal, Nitrogen was deter- 
mined by a microassay, Proteins were precipitated ac- 
cording to the method of Barnshtein-Shtuttser. Catalase- 
activity was determined according to Bakh and Oparin 
and peroxidase activity according to Mikhlin and Bro- 
novitskaya, Five replicate series were run in each ex- 
periment, 


RESULTS 
Effect of Pre-Sowing Application of Nitro- 
gen Fertilizers on Catalase and Peroxidase 


Activity 
Experiment 1 was performed with Hordeiforme 10 


’ wheat and Pallidum K 2/14 barley obtained from the 


All-Union Institute of Plant Cultivation, Prior to sowing, 
fertilizer was added to the soil in the following amounts: 
2.0g NaHPO, and 1,0g KCl per container; and 0,5, 1.0, 
2.0, and 3,0 NaNOg, or (NH4)2SO,4 (based on N) per con- 
tainer (Table 1), 

Both oxidized and reduced forms of nitrogen in- 
crease total yield and grain yield. 
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TABLE 1, Yield and Grain Quality of Hordeiforme 10 Wheat and Pallidum K 2/14 
Barley in Relation to Type and Amount of Nitrogen Fertilizer Applied. In treatments 
I-IV nitrogen was applied in the form of NaNOsg, and in treatments V-VIII, in the 


form of (NH4)2SO4 


Treatment 
Amt, of N 
applied, g 
per container 
Total yield, 
g per con- 
Grain weight, 
Weight of 


1000 grains, g 


grain, 


of absolute 
0.01 N I, per 


Protein con- 
tent of 

dry weight 
Peroxidase 
activity, ml 
g meal 
Nitrate N, g 


%o 


3 


whee Dwr 


~ 


o 


= 


9.19 
16.95 
21.00 
24.12 

8.99 
17.00 
20.95 
24.80 


Barley 


10.20 
15.40 
19.22 
24.07 

9.90 
15.05 
18.43 
23.98 


TABLE 2, Yield and Grain Quality of Diamant Wheat in Relation to Type and Amount 
of Nitrogen Fertilizer Applied. In treatments I and II, nitrogen was applied as NaNOs, 


and in treatments III and IV, as (NH4)2SO, 


per container 
Total yield, 


Treatment 
applied, g 

g per con- 
tainer 

Grain weight, 
per con- 
tainer 


Weight of 


solute 


Protein con- 
0,01 N I, per 

meal 


1000 grains, 


tent of grain, 
of ab 
Peroxidase 
activity, ml 


dry weight 
per g meal 


an 


ven 
00 

hs 


Barley yield is somewhat higher with nitrate ferti- 
lizer than with ammonium fertilizer, Similar results 
were obtained by Usmanov [16]. 


In both wheat and barley, grain protein levels rise 
as amount of nitrogen applied is increased, and this is 
virtually independent of the form given, In both cases, 
there is a sharp reduction in catalase activity with in- 
crease in nitrate level of the soil. In all cases activity 
in barley is lower than in wheat, and at 3 g nitrate ni- 
trogen per container it is undetectable, 

With increase in nitrate nitrogen in the soil, there 
is an appearance of definite amounts of nitrates in both 
wheat and barley grain, these being consistently higher 
in barley than in wheat, As ammonium nitrogen applied 


tS 


tO 
neo 


is increased, there is an increase of catalase activity in 
both wheat and barley; however, activity is lower in 
barley in every case, 

Peroxidase activity is determined primarily by the 
level of nitrogen nutrition and is to all intents independ- 
ent of the form of nitrogen applied, As with catalase, 
it is consistently higher in wheat than in barley. 

Experiment 2 was performed with Diamant wheat 
from the All-Union Institute of Plant Cuitivation, Prior 
to sowing fertilizer was added to the soil in the follow- 
ing amounts: 2,0 g NaH,PO, and 1.5 g KCl per con- 
tainer, and 1.0 or 2.0 g NaNOsg or (NH,)2SO, (based on N) 
per container. 

As Table 2 shows, form of nitrogen applied has no 
substantial effect on grain yield or on protein content of 
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Hordeiform: t 
I 28.2 16.4 45.2 32.12 | 18.2 0 eo 
I 39.9 22.8 45 8 20.14 20.9 Traces Re iat 
ill 49.8 30.7 46.3 12.00 | 23.9 0.09 Bee 
IV 2.1 38.0 47.0 3.20 25,1 0.16 
oe V 29.4 16.8 44.8 33.80 | 18.0 0 ae 
VI 38.7 23.4 46.0 35.00 21.2 0 
VI 48.9 30.1 46.8 37.40 24.0 0 
VII 53.0 37.2 47.1 38.60 | 27.8 0 
Palladum K 2/14 
I 61.4 32.0 | 34.0 1.89 7.8 0 
79.8 39.9 35.4 0.48 10.4 0.16 
il 82 0 42.5 36.8 0.24 12.5 0.28 
IV 90.4 494 344 0.00 | 15.3 0.67 
60.2 31.0 33.8 6.06 6.9 0 
Rs VI 76.3 38.9 34.9 8.74 9.8 0 Ba: 
og Vil 0 80.9 40.9 35.9 10.07 12.0 0 ee 
VII 87.6 47.8 32.8 44.32 | 14.9 0 
ave 
Ill 19.25 
IV 24.00 
% 
| 


TABLE 3. Yield and Grain Quality of Diamant Wheat and Viner Barley in Relation to 
Type of Nitrogen Fertilizer Applied and to Time of Application. In treatments I, II and 
Ill, nitrogen was applied in the form of NaNOs; in treatments IV, V and VI, in the form 
of (NH4)gSO,. Applications were made at the Motening times: I and IV) total amount 

at time of sowing; II and Vv) N at sowing + N at the shooting stage + N at the 
heading stage; III and VI) ", N at sowing + 4 N at the shooting stage + _ N at the head- 
ing stage + /, N at the grain swelling stage 


Total yield, 


g per con- 
Grain weight, 


Weight of 
1000 grains, 


Treatment 
g per con- 


Protein con- 
tent of grain, 
% of absolute 
dry weight 
Catalase 

per g meal 
Peroxidase 
activity, ml 
0.01 N I, per 


grain, Catalase activity is lower with nitrate than with 
ammonium nitrogen, and shows a decline as amount of 
nitrate applied is increased, In contrast, it rises as amount 
of ammonium nitrogen applied is increased, Peroxidase 
activity is not significantly affected by type of nitrogen 
applied, but rises steadily as amount applied is increased, 
A relation between peroxidase activity and grain protein 
levels is apparent, 


Effect of Successive Applications of Nitro- 
gen Fertilizers on Catalase and Peroxidase 


Activities 

Experiment 3 was performed with Diamant wheat 
and Viner barley from the All-Union Institute of Plant 
Cultivation, In preparation of the soil prior to sowing, 

4 g NaH2PO, and 3 g KCl were added to each container, 
Nitrogen fertilizers were added either as NaNO, or 
(NH4)2SO, in amounts of 2 g N per container, the total 
amount being given in several doses at definite stages 

in the growing cycle (Table 3), 

Application of nitrogen fertilizers throughout the 
growing period, regardless of the form of nitrogen, pro- 
motes increase in yicid and grain quality of both wheat 
and barley; this is undoubtedly superior to the method 
of applying the total amount of nitrogen prior to sowing, 
With both nitrate and ammonium nutrition, the highest 
yields were obtained when the last application was made 
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during the heading stage. Successive applications of ni- 
trate are more effective in increasing barley yield than 
successive applications of ammonium nitrogen, 

As applications of nitrogen are shifted to later and 
later stages in the plant's development, the protein con- 
tent of grain rises, this being highest when an applica- 
tion is made at the grain swelling stage, Catalase ac- 
tivity is lower with nitrate nutrition than with ammonium 
nutrition and is aiso lower with an application regime ex- 
tending over a longer period, When nitrate nitrogen is 
applied, catalase activity of barley is substantially lower 
than that of wheat, With ammonium nitrogen, catalase 
activity rises as applications are shifted toward the end 
of the growing period, 

Peroxidase activity rises as nitrogen is applied later 
and later in the growing period; it exhibits a closer rela- 
tion with grain protein content than with form of nitrogen 
applied, It is consistently higher in wheat than in barley 
when nitrogen is applied periodically, 


DISCUSSION 

These studies establish a clear dependence of cata- 
lase and peroxidase activity in wheat and barley on the 
amount and type of nitrogen nutrition, Nitrate nitrogen 
depresses catalase activity, this depression being more 
pronounced the higher the nitrate content of the soil be- 
fore sowing and the later in the plant's development ni- 
trates are applied, 


oo 
Diamant Wheat 
1 92.5 33.5 36.5 14.25 15.75 rs 
ll 106.0 43.6 37.3 15.16 14.50 - 
Ill 100.9 39.9 39.5 17.61 12.50 ia 
IV 103.5 36.9 36.0 17.04 16.00 oe 
V 110.4 43.0 38.5 18.70 16.25 | 
VI 106.4 40.3 | 40.5 23.66 17.85 
Viner Barley 
nee I 77.9 34.4 16.42 0.75 13 
| 11 90.2 39.8 18.74 0.50 8.9 
Ill 79.9 35.5 20.03 0.24 10.1 
_ IV 76.8 34.0 16.05 9.40 7.0 
V 89.9 38.7 17.99 10.33 8.2 
- VI 78.8 34.2 19.56 11.05 11.4 


TABLE 4, Nitrate-Reducing Capacity of Wheat and Barley Roots (average of 10 deter- 


minations) 


Amt. of nitrates, mg 


insolu- 
tion be- 
fore the 
expt. 


Material 


in solu- 
tion after 


the expt. 


Nitrates 
reduced, 
% of amt. 
absorbed 


absorbed by roots 


found in reduced 


roots as by roots 
nitrates 


total 


173.40 
172.44 


Diamant Wheat 
Pallidum K 2/14 Barley 


Low catalase activity in the presence of the nitrate 
ion has been reported frequently [17-20]. Agner and 
Theorell [21] attribute the suppressing action of nitrates 
to a competition of the nitrate ion with a hydroxyl ion 
for the iron in the porphyrin moiety of catalase, since 
catalase activity is determined by the hydroxyl group in 
the porphyrin molecule, If it is replaced by a nitrate 
ion, enzyme activity falls, 

In numerous experiments Okanenko et al, [13] has 
observed a marked reduction in catalase activity in 
leaves and roots of kok-saghyz and beet plants on a ni- 
trate regime, 

On the basis of published reports and of the results 
herein described, it can be stated that the inhibitory ef- 
fect of nitrates on catalase is manifested in both the veg- 
etative and the reproductive organs of very diverse spe- 
cies, 

As the amount of ammonium sulfate added to the 
soil prior to sowing is increased, catalase activity of 
wheat and barley grains increases, Application of re- 
duced nitrogen in several doses also increases catalase 
activity. 

In distinction to catalase, peroxidase activity in the 
grain (as determined by the method of Mikhlin and 
Bronovitskaya) is virtually independent of type of nitro- 
gen applied, but increases with an increase in amount 
applied, The method of application, whether in a single 
dose prior to sowing or in several successive doses, is of 
no importance, Nitrates have no suppressing effect on 
peroxidase activity [22]. 

Thus, on a nitrate regime a change of catalase ac- 
tivity in one direction is associated with a change in 
peroxidase activity in the opposite direction, On an am- 
monium regime, changes in the two activities are paral- 
lel, 

It was noted previously that suppression of catalase 
by nitrates is attributed to the direct action of the nitrate 
ion on catalase, The validity of this explanation for 
our experiments is demonstrated by the presence in 
wheat and barley grain (Table 1) of detectable amounts 
of nitrates with growth at comparatively high nitrate 
levels, However, in by no means all cases was catalase 
inhibition associated with even traces of nitrates in the 


99.70 
106.10 


73.70 
72.34 


10.42 
37.92 


63.28 
34.42 


grain. In such cases where nitrates are absent in the 
grain, there is,in our opinion, another explanation possi- 
ble of the suppressing action of nitrates on catalase, 

Suppression of catalase activity by peroxidase has 
been demonstrated iri a study by Stern [23]. The phe- 
nomenon resides in the fact that during accumulation of 
specific peroxidase substrates catalase activity falls, 
Situations are possible in which the soil nitrate content, 
and consequently tissue nitrate levels, is insufficient to 
directly inhibit catalase, but can promote accumulation 
of specific peroxidase substrates, Asa result, catalase ac- 
tivity falls and peroxidase activity rises, When reduced 
nitrogen is applied, these particular substrates will not 
be accumulated, It should be assumed that accurrulated 
substrates oxidizable by peroxidase are distinctly differ- 
ent with application of oxidized as against reduced ni- 
trogen, This assumption is based on reliable experimen- 
tal evidence [24], 

These data showing a dependence of catalase con- 
tent of the grain on form of nitrogen nutrition provide a 
basis for utilization of catalase activity levels as a cri- 
terion of various properties of the grain; such a procedure 
must be carried out with great caution [4-9]. 

It is apparent that without a knowledge of nutrition- 
al regime, low catalase activity cannot be assumed to 
indicate high grain maturity, Thus, in experiment 1 
catalase activity was virtually absent when nitrates had 
been applied in amounts of 3 g nitrogen per container, 
It is more logical to assume that under these conditions 
the grain was less mature than when a total of 0,5 g ni- 
trogen was applied, 

The causes of geographical variability in catalase 
activity of wheat and barley grain should also be re-ex- 
amined, The explanation of this variability in terms 
only of the degree of physiological maturity is not very 
convincing [2-3]. It is hardly correct to assume a pri- 
ori that wheat and barley grown in southern areas pro- 
duce a more mature grain than do plants grown in the 
north, On the contrary, many workers [25], beginning 
with Pryanishnikov [26], have attributed the high pro- 
tein content of grain produced in the south to deficient 
carbohydrate synthesis and to grain immaturity, In north- 
ern areas, grain yield and its absolute weight is,on the 
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whole, even higher than in the south [27]. There is rea- 
son to believe that reduced catalase activity in the south- 
ern areas and high activity in the northern areas is de- 
termined primarily by soil and not climatic factors, spe- 
cifically by differences in soil nitrate levels, It has been 
shown in this study and elsewhere that reserves of avail- 
able nitrogen in the soil during late stages of develop- 
ment are of especial significance in regard to seed qual- 
ity. Bishop [28] believed that under natural conditions 
in the south, where high-protein wheats are typical, there 
is a marked enhancement of nitrification processes in 

the soil which occurs during the second half of the grow- 
ing period of wheat and barley, In 1904, Kravkov [29] 
found the nitrate content of the soil at Ivanov station to 
be as follows: May 1, 65 kg per hectare; July 8, 1050 

kg per hectare. Moreover, it is well known that the rate 
of nitrification processes and especially the accumulation 
of nitrates differ substantially for chernozem and podzolic 
soils, 

In our view, low catalase activity in wheat and bar- 
ley grown in the southern parts of the USSR is due to in- 
creased levels of nitrate in the soil, which promote 
heightened uptake by the plant toward the end of the 
growing period. In northern areas, where wheat and bar- 
ley are grown on non-chernozem soils which have a low 
nitrate content, catalase activity in the grain will be 
high. It is typical that peroxidase activity shows virtual- 
ly no geographical variability, this being due, apparently, 
to the absence of an effect of nitrates on this enzyme. 

The marked difference in wheat and barley grain 
with respect to catalase activity is striking, Similar 
data have been obtained by Ivanov, who worked with 
seed from different geographical areas and with materials 
from the state variety-testing station [30]. It might be 
assumed that this difference is a consequence of differ- 
ences in capacity of wheat and barley roots to reduce ni- 
trates and thereby to accumulate them, In experiment 
1, nitrate content of barley grain was substantially high- 
er than that of wheat grain, even though the plants had 
been grown at identical nitrate levels, There is a re- 
port that wheat roots possess exceptionally high nitrate- 
reducing capacity [31], 

Specially designed experiments with strict adherence 
to the method of G, G, Petrov yielded the following re- 
sults (Table 4), 

There is also indirect evidence that barley roots have 
lower nitrate-reducing capacity than wheat roots, It is 
known that nitrate reduction is related to respiration [32, 
33], Respiratory rates in wheat roots are very much high- 
er than in barley roots [34]; therefore, at a given level 
of nitrate nutrition, more nitrates or specific peroxidase 
substrates will be accumulated in the aerial organs of 
barley, including the grain, and catalase activity will be 
correspondingly lower than in wheat, 

Turkova [35] has shown that catalase activity of 
plant tissues varies in a parallel manner with protein 
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content, Evidently this pattern is disrupted in grain of 
plants grown on nitrates, On an ammonium regime, how- 
ever, there is a parallel relation between catalase activi- 
ty and grain protein content, The relationship between 
protein content and peroxidase activity is independent 
of form of nitrogen applied, While catalase activity 
cannot be utilized as an indicator of seed quality in 
wheat and barley, peroxidase activity can be recom- 
mended for this purpose, the more so since gross deter- 
mination methods are available, 

The author is deeply indebted to his teacher, Cor- 
responding Member AN SSSR Professor S. D. L'vov,* 
for valuable support provided during the performance of 
this study. 


SUMMARY 


Catalase activity in wheat and barley grains depends 
on the form of nitrogen fertilizer applied. Nitrates inhib- 
it catalase, the inhibition being stronger,the higher the 
nitrate content of the soil prior to sowing, or the later the 
fertilizer is applied during the growing period, Reduced 
nitrogen fertilizers enhance the amount of catalase in 
the grain, 

Peroxidase activity in the grain is independent of 
the form of nitrogen applied and increases with increase 
in protein content of the grain, 

The geographical variability of catalase activity in 
wheat and barley grain is related to the amount of ni- 
trates in the soil, especially at the end of the growing 4d, 
period. 

Differences in catalase activity of wheat and bar- 
ley grains are due to unequal nitrate-reducing capaci- 
ties of the roots and the corresponding accumulation of 
nitrates in the organs, 

Catalase activity cannot be recommended as an in- 
dicator of grain quality, Peroxidase activity is more 
suitable for this purpose,as it does not depend on the 
form of nitrogen applied. 
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In the last two or three decades many papers have 
appeared on the physiology and biochemistry of sex in 
plants, A number of authors [1-4] have found that female 
tissues have greater reducing capacity than male tissues, 
A difference was also noted in the respiration rate, which 
is dependent on age and various phase characteristics of 
plants (3, 4], Erdelsky and Herich [5] have found that the 
female plants of hemp contain more total phosphorus than 
male plants,. Some authors note [6] that in the leaves of 
female hemp plants during flowering more sugars are 
present than in the male, A number of authors have also 
noted sex differences in other physiological-biochemical 
factors: photosynthesis, pH, ascorbic acid content, etc, 
Accordingly, the study of sex change in plants has im- 
portant theoretical and practical significance, A great 
deal of experimental material and a review of the litera- 
ture about the effect on sex in plants of external factors, 
such as carbon monoxide, mineral nutrition, and atmos- 
pheric moisture, are given in a monograph by Minina 
[4]. There are data about the positive effect of x-rays 
on the change of sex in plants [7]. However, most work, 
insofar as change of sex in plants is concerned, has been 
carried out by treating plants in the state of vegetative 
growth, which makes it somewhat difficult to use the con- 
clusions obtained for practical purposes, At the same time 
the effect of many factors on physiological and biochemi- 
cal properties of plants in connection with their sex organ- 
ization is, as yet, not clear, This work represents an at~ 
tempt to clarify some aspects of metabolism and sex 
change in hemp plants, with respect to the effect on 
their seeds of the physichemical factors of the environ- 
ment, 


METHODS 

The hemp from middle Russia (Srednerusskaya), va- 
riety Glukhovskaya 3 from the 1957 harvest, has been 
used in this experiment, Before planting, the seeds were 
divided into 2 portions, One half was soaked for a day in 
solutions of organic acids: succinic acid - 0.0005 M, 
ascorbic - 0,0006 M, aspartic - 0.0006 M, and cystine 
0.0003 M, The other half was soaked in water for a 
day, then divided into three parts; one part served as a 
control; another part was subjected to the action of car- 
bon dioxide for 16 hours in a desiccator; a third part was 
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given an X-ray dosage of 250 and 1000 r, with the follow- 
ing: 180 kv, 15 ma, filter 0,5 Cu-1-Al, the distance was 
40 cm, the field of x-ray 20 X 20 cm, for 4,5 and 18 
minutes, The seeds of all treatments were planted 2 days 
after the beginning of the treatment, May 17, 1958, in 
the experimental field of Voronezh University botanical 
garden, in triplicate, on plots 5 m? in size, with rows 45 
cm apart and at a depth of 3-5 cm, Simultaneously, 
part of the seeds were planted under laboratory conditions, 
Physiological and biochemical analyses were carried out 
on germinated seeds at the age of 4 days; on 7-day-old 
seedlings grown in sand; on hemp plants grown in field 
conditions, at the age of 18 days (the whole aerial part 
was taken for analysis); and then at the flowering stage 
of male and female plants, on the leaves of the fourth 

or fifth whorls, counting from below, from not less than 
ten plants, We determined the following factors: ascop- 
bic acid by indophenol method, activity of ascorbic oxi- 
dase by the method given in [8], sugars by an iodometric 
method. Phosphorus compounds were separated by Um- 
breit’s method [9] with the subsequent determination of 
fractions as described by Meshkova and Aleksakhina [10], 
The phosphorus was determined colorimetrically on an 
FEK-M apparatus with a blue filter; the reducing activity 
of tissues was determined by titration of an aqueous ex- 
tract by 0,01 N solution of iodine; and the respiration 
rate was determined in Conway vessels, 


Physiological and Biochemical Character- 
istics of Male and Female Hemp Plants 

The study of reducing activity and ascorbic acid 
content (in reduced form) has shown that both are some- 
what higher in the leaves of female plants than in the 
male plants, The reducing activity of tissues gradually 
increases with approach of flowering. The content of 
ascorbic acid is correlated with this factor; this phenom- 
enon is also noted in other plants [11]. Insofar as the ac- 
tivity of ascorbic acid oxidase is concerned, its content 
during growth changes inversely to the content of ascorbic 
acid: it gradually falls, increasing somewhat during the 
period of flowering (Table 1), Male plants are charac- 
terized by greater sucrose content (Table 2), This is 
seen particularly clearly during the period of flowering. 
Toward the end of flowering the content of disaccharides 
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TABLE 1. Reducing Activity of Hemp Tissues (ascorbic acid in ml; ascorbic acid oxidase in mg of dehydroascorbic 
acid; reducing activity in ml of 0.01 N iodine per 100 g of wet weight) 


Date of 
study 


Growth stage 


Plant organ and sex 


Ascorbic 
acid 


Ascorbic acid 
oxidase 


Reducing 
activity 


May 30 
June 9 
July 2 
July 8 


7-Day seedlings 
18-Day plants 
Flower bud formation 
Flowering 

Flower bud formation 


TABLE 2, Content of Sugars in Hemp Plant (in % dry weight) 


Aerial part 
The same 
Male leaves 
The same 
Female leaves 


18,2 
167.0 
209.0 
279.0 
284.0 


51.7 
236.0 
283.0 
367.0 
383.0 


Date of study 


Growth stage 


Plant organ and sex 


Monosaccha ~ 
rides 


Sucrose 


Total sugars 


June 9 
July 2 
July 7 


July 17 


18-Day plants 
Flower bud formation 
Flowering 

Flower bud formation 


Aerial part 
Male leaves 
The same 


emale leaves 


Flowering (termination) |Male leaves 


Flowering 


emale leaves 


TABLE 3. Phosphorus Content and Respiration Rate in Hemp Leaves 


4.85 
3.10 
2.59 
2.59 
3,34 
4.32 


0.87 
2.59 
4.13 
1,24 
2.10 
1,88 


5,72 
5.69 
6.72 
3,83 
5.44 
6.20 


Date of 
study 


Growth stage and sex 


Phosphorus in % dry weight 


total 


mineral 


organic 


Respiration 
rate in mg CO, 
per g of dry 
weight per hour 


July 7 


July 7 


Flowering (male) 

Flower bud formation 
(female) 

Flowering: 

male 

female 


in the leaves of male plants is sharply decreased, but it 
is still higher than that of female plants, 
In the leaves of female plants during flowering the 
monosaccharide content was noticeably increased, Simi- 
lar data were obtained in the work of Herich and Prieh- 
radny [6] who have found that in aerial parts of female 
hemp plants during flowering more carbohydrates are 
present (both monosaccharides and disaccharides) than 
in the male plant, Our data, insofar as disaccharides 
are concerned, are somewhat different than the data of 
those authors; this evidently is related to the various 
times of study, It is necessary to note that the dynamics 
of the total sugar content, as well as monosaccharide 


0.438 


0.366 


0.218 


0.135 


between the two, 


As is well known,the male and female hemp plants 
do not flower simultaneously, and the duration of their 
flowering is different, as a result of which, at the time 
of analyses, the plants are in different physiological states, 
In connection with this, the study of male and female 
plants was carried out in two stages of development, ten 
days apart: in the phase of male plant flowering and flow- 
er bud formation of female plants (July 7) and in the phase 
of male plant flowering (close to the termination of flow- 
ering) and flowering of female plants (July 17), In Table 


0.239 


0,220 


0.213 
0.208 


content, do not follow at all the dynamics of ascorbic 
acid, which points out a more complicated relationship 


6.25 
1,20 
3.50 
2.50 
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TABLE 4, Phosphorus Compounds in Hemp Leaves(male 
in the phase of flowering, female in the phase of flower 
bud formation, in % of dry substance) 


Form of phosphorus Male Female 


0.421 
0.177 
0.333 
0.166 
0.167 


0.437 
0.202 
0.279 
0.194 
0.085 


Total 
Inorganic * 
Total* * 
Inorganic * * 
Organic* * 
Phosphorus ATP 
and ADP** 
Phosphorus F DP 
and PGA** 
Phosphorus, 
glucose -1-P* * * 


0.023 0.018 


0.144 0.067 


0.015 0.010 


*Acid soluble fraction. 
**Fraction insoluble in water. 
** * Water-soluble fraction. 
FDP) Fructose diphosphate; PGA) Phosphoglyceric acid. 


3 are given data on phosphorus content and respiration 
rate, which indicate a higher content of organic phospho- 
rus in male plants as compared to the female, Male 
plants are also characterized by a higher respiration rate. 

Thus, considering respiration rate, ascorbic acid 
content, and ascorbic acid oxidase activity, we may 
speak about the direction toward oxidation of metabo - 
lism inmale plants. In this our data agree with the data 
of other authors [4, 11]. In the leaves of female plants 
more mineral phosphorus was present than in the male 
plants. This is evidently related to the necessity of its 
transport into the fruit-bearing organs, which is not neces- 
sary in male plants. On the other hand, inorganic phos- 
phates often serve as a phosphorus reservoir [12]. 

Differences in content of organic and mineral phos- 
phorus in male and female plants are retained also in 
the subsequent stage of growth. In the background of the 
general decrease of phosphorus content in leaves, asso- 
ciated evidently with its flow toward reproductive organs 
(13, 14], we noted that the ratio of organic and mineral 
phosphates is almost unchanged in male and female plants, 
The fact observed by us concerning greater content of 
the total phosphorus in female plants during flowering of 
hemp agrees completely with the data of the experiment 
carried out previously [5], in which the authors consider 
that the phosphorus (as well as nitrogen) is closely con- 
nected with differentiation of female sex, A more de- 
tailed analysis of the phosphorus compounds in leaves of 
male and female hemp plants is given in Table 4, 

As can be seen from data of Table 4, male plants 
are characterized by higher content of all organic phos- 
phates studied: ATP and ADP phosphate (which indicates 
a higher level of energy exchange), phosphorus of fruc- 
tosediphosphate and phosphoglyceric acid (which may in- 
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dicate that not only respiratory processes but also photo- 
synthesis are intensified), Insofar as glucose-1-phosphate 
is concerned, the latter may form both from phosphoroly- 
sis of polysaccharides (starch), as well as that of disaccha- 
rides (sucrose ) in the process of respiration [15]. 


Effect of External Factors on Some of the 
Physiological Indicators and Sex in Plants 

Results of treating hemp seeds prior to planting with 
different physical and chemical factors are given in Ta- 
ble 5, Analysis of data in Table 5 shows that according 
to the content of total and mineral phosphorus in hemp 
leaves the control treatment is superior to all other treat- 
ments (18-day-old plants), In case of organic phosphorus, 
there was as much or more organic phosphorus in the 
treatments with cystine and 1000 r as in the control, 
These factors have an inhibiting effect on hydrolytic en- 
zymes, which has also been found in other experiments 
[16]. It is necessary to emphasize that not a single one 
of the treatments had changed the relationship between 
male and female plants insofar as content of various 
forms of phosphorus is concerned, which indicates the 
stability of this factor in evaluation of sex in plants, The 
amount of sugar in 4-day-old hemp seedlings considera- 
bly increased under the influence of x -ray treatments 
(250 r), and organic acids (except aspartic acid), On the 
contrary, the amount of sugars clearly decreased under 
the influence of carbon monoxide and x-rays at the dos- 
age of 1000r, 

All studied factors retained their direction in rela- 
tion to disaccharides in 18-day hemp plants, in field con- 
ditions, It is interesting to note that in hemp leaves at 
this stage of growth, as a result of preplanting treatment 
with cystine and large dose of x-rays, there was the 
smallest amount of sucrose, which may point, at least 
partially, to the inactivation of hydrolytic enzymes by 
these factors, The small amount of monosaccharides in 
plants treated with carbon monoxide (CO) is connected 
with specific inactivation of hemin enzymes by this com- 
pound, 


8 


Effect of physical and chemical factors on 
ratio of male and female plants in hemp. 
1) Control (water); 2) aspartic acid; 3) 
ascorbic acid; 4) succinic acid; 5) cystine; 
6) carbon monoxide; 7) 1000 r; 8) 250 r, 
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TABLE 6. Effect of Lowered Temperatures on Ascorbic Acid Content in Plants (in mg per 100 g of wet weight) 


Object of study 


Method of cold treatment 


Control Treated 


13-Day cucumber seedlings 
18-Day cucumber plants 
7-Day hemp seedlings 


18-Day hemp seedlings The same 


All organic acids have shown positive effects in ac- 
cumulation of ascorbic acid and reducing activity of 
tissues in seedlings grown both in the laboratory as well 
as in field conditions. X-rays and carbon monoxide 
showed a similar effect only in the early stages of growth. 
Evidently, this is that short period of induction of physio- 
logical processes which is occasionally possible in the 
experiments with ionizing irradiation [17]. The respira - 
tion rate of hemp leaves showed very small changes as 
a result of organic acids treatment, but in all treatments 
the male plants had a higher respiration rate than the 
female, In the final count, physical and chemical fac- 
tors of the environment had a significant effect on sex 
in hemp, as can be seen from the figure. 

it may be considered that the organic acids had the 
clearest effect on the sexual characteristics, shifting the 
ratio of sex toward female, X-rays caused an insignifi- 
cant shift of sex toward male, Analagous data have 
been found by other authors [7]. As follows from our 
data, x-rays lowered reducing activity of tissues, Be- 
sides, in our experiments variegation of leaves was found, 
which was earlier noted by Breslavets [7]. Insofar as pre- 
planting seed treatment by carbon monoxide is concerned, 
in our experiments it did not induce any noticeable 
changes in the ratio of sexes, Similar data have been 
obtained by Dubrovina [18] in experiments on the pre- 
planting action of carbon monoxide on cucumber seeds, 
Evidently, for the shift effects toward female, as Minina 
[4] has found, it is necessary to treat plants with carbon 
monoxide directly prior to flowering 

The effect of ascorbic acid on the development of 
physiological characteristics and sex in hemp, as well as 
on other processes in plants [16], is similar to the action 
of organic dicarboxylic acids, accumulation of which is 
similar to that of biogenic stimulators [19] which takes 
place during periods of lowered temperatures. A number 
of authors [20, 21] have found also that there is more 
accumulation of ascorbic acid in plants during growth 
at lowered temperatures. The same is indicated by our 
data (Table 6). 

Consequently, ascorbic acid may be partially regard- 
ed as one of the “biogenic” stimulators, but with a dif- 
ferent mechanism of origin than others, 


SUMMARY 
1, Male hemp plants during flowering are character- 
ized by a higher level of activity, expressed in increased 
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Treatment of seedlings for 8 hr at 8 C 
The same, at 3-6 C 
Treatment of seeds for 3 days at 4-5 C 


13.8 
5.7 
18,2 
167.0 


16,2 
6.3 
35.8 
196.0 


respiration rate, greater sucrose and total organic matter 
content. Male plants also are distinguished by more ac- 

tive ascorbic acid oxidase and lowered content of the re- 
duced form of ascorbic acid, 

2, Female plants contain more mineral and total 
phosphorus, and also are distinguished by higher reducing 
activity and ascorbic acid content, 

3, During vegetative growth in hemp plants an in- 
crease of ascorbic acid and reducing activity of tissues 
is noted, 

4, Organic acids have shown the most significant 
effect on metabolism and on sexual characteristics out 
of all the factors whose effects were studied, They induce 
increase of female characteristics, and contribute to the 
general increase of reducing processes, X-rays induced 
insignificant shift effects toward male, while preplanting 


treatment of hemp seeds with carbon monoxide has had 


no visible effect on sexual characteristics, 
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DETOXICATION OF ISOPROPYLPHENYLCARBAMATE (IPC) 


IN SUNFLOWER AND OAT PLANTS 


V. A. Zemskaya and Yu. V. Rakitin 


K. A. Timiryazev Institute of Plant Physiology, USSR Academy of Sciences, Moscow 
Translated from Fiziologiya Rastenii, Vol. 8, No, 2, 


pp. 220-225, March-April, 1961 
Original article submitted May 27, 1960 


Isopropylphenylcarbamate (IPC) and isopropyl-N-3- 
chlorphenylcarbamate (chlor-IPC) find wide application 
as preemergent herbicides for the destruction of grasses 
and other weeds in cultivation of cotton [1-5] and other 
dicotyledonous plants [6-16], 

According to investigations by many authors, the in- 
hibitory and subsequently the herbicidal activity of IPC 
is caused by the disruption of mitosis in meristematic 
root tissues [17-20]. However, as shown by Ivens and 
Blackman's [21] investigations, disruption of mitosis in 
IPC activity is a secondary phenomenon, 

It is also established that treating plants by IPC and 
chlor-IPC causes a sharp increase in the content of solu- 
ble carbohydrates (22, 23], In attempting to explain this 
phenomenon Meade and Kuhn [22] assume that phenyl- 
carbamates cause dephosphorylation of hexoses and by 
such action block carbohydrate metabolism in plants, 

IPC causes great disturbances in the processes of 
photosynthesis and respiration [24, 25], As observations 
by Krastina [24] have shown, a considerable weakening 
of these processes occurs in herbaceous plants treated 
with IPC; also a marked decrease in the activity of car- 
bonic anhydrase, 

Recently the herbicidal activity of phenylcarbamates 
as well as the derivatives of phenyldialkylcarbamides 
and sym-triazines are being related to the inhibition of 
the Hill reaction in chloroplasts [26]. In particular, the 
experimental data obtained indicate a definite relation- 
ship between the effectiveness of herbicidal activity of 
phenylcarbamic acid esters and the degree of their inhi- 
bition of photolytic activity of isolated chloroplasts [26]. 

As regards the question of progression and especially 
the fate of phenylcarbamates within the plant, only occa- 
sional experiments are known [27, 28]. However, for the 
understanding of specifics in reactions of individual plant 
species to phenylcarbamates this phase of the question is 
of indubitable interest. This article presents an investi- 
gation on detoxication (as the result of destruction) of 
IPC in sunflower and oat plants, sensitive in different 
degrees to this compound, In arranging these investiga - 
tions we proceeded from the theory that the degree and 
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selectivity of herbicidal activity of chemical prepara- 
tions depends to a great degree on the intensity of their 
detoxication in growing organisms [29-32]. The process 
of IPC detoxication was calculated by the changes of 
content of the given substance in roots and aerial plant 
organs, 


METHODS 

Objects of the investigation were plants of sunflower 
(variety Saratovskii 69) and oats (variety Moskovskii A- 
315). The plants were cultivated in sand and water 
cultures on Knop nutrient solution, The experiments 
were conducted in an air-conditioned chamber: temper- 
ature during the day, 23°; at night 18°; relative air hu- 
midity 55%; illumination 10,000 lux; length of day 16 
hours, IPC solutions were introduced into plants in two 
ways: by vacuum infiltration into leaves [33] and by 
soaking the plant root system in the herbicide solution. 
In both cases IPC was administered as a 0,036% aqueous 
solution, The leaves and roots which came in contact 
with the IPC solution were washed by 5 immersions in 
water, each time in fresh portions of water, All the ex- 
periments were done in triplicate, When IPC was admin- 
istered through roots, the experimental plants were culti- 
vated on water cultures with half-strength Knop mixtures, 
Roots were immersed in an IPC solution for 3, 4 and 6 
hours, Then the roots, as previously mentioned, were 
washed in water and the plants were placed on a Knop 
nutrient solution, 


In addition, the IPC conversion was investigated in 
roots separated from the aerial organs, In these experi- 
ments the plants were placed by their roots in an IPC 
solution for 3 hours, then the roots were washed in water 
and separated from the aerial plant organs, The plant 
roots thus separated were placed in tap water for one 
day, The substance in the roots, and that secreted in 
the sap and in the water in which the roots were placed, 
was then determined. Immediately after treating the 
plants, the initial IPC content was determined in the 
aerial organs and roots, The colorimetric method of 
Gard and Pudd [34] was used for quantitative determina - 
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TABLE 1. Changes of IPC Content in Plants of Oat and Sunflower on Infiltration of the Preparation into Leaves (in pg 
per g of raw material) 


Time samples were taken 
Object of investigation 


initial sample 1 day later 2 days later 4 days later 


36.3 
none 
39.0 
none 
36.3 
39.0 


1.42 

1.56 
12.0 

1,25 
28.6 
35,7 


none 
0.50 
3,85 
0, 23 
4,32 

13.7 


none 
The same 


Oat® { aerial organs 


roots 
{ aerial organs 
roots 
Oats, entire plant* * 
Sunflower, entire plant* * 


Sunflower* 


* Day temperature after treatment 23°; night 18°. 
* * Temperature 14°, day and night. 


tion of IPC in samples of vegetative material, which 
they perfected for determining residues of chlor-IPC in 
vegetative samples, We used this method as modified 

by Yu. A, Baskakov, The modifications were as follows: 
extraction of IPC from the vegetative materialby methyl- 
ene chloride was accomplished, not by centrifuging as 
indicated by Gard and Pudd [34], but by a 4-hour extrac- 
tion in a Soxhlet apparatus, Further, IPC hydrolysis to 
aniline was conducted, not with sulfuric, but with hydro- 
chloric,acid-[35] obtained by diluting the concentrated 
acid (spec, grav. 1.17) with distilled water 5:3, Alto- 
gether, 35 ml of dilute hydrochloric acid was used for 
hydrolysis, The calibration curve was based on aniline. 


RESULTS 

Experimental results are given in Tables 1 and 2, 

It is seen from Table 1 that rapid detoxication of 
the introduced substance occurs in tissues of investigated 
plants, And this process develops so intensely that e- 
ven 2 days after treatment the aerial portions of plants 
contain only traces of IPC, Only insignificant amounts 
of the preparation are found in roots of sunflower and 
oat plants 24 hours after infiltration. 

Moreover, as seen from the data, the temperature 
conditions at the time of herbicide introduction exert 
an essential influence on the course of detoxicating proc- 
esses, Thus, at 23° the destruction of IPC in plant tissues 
occured with considerably greater energy than at 14°, 
which clearly indicates the metabolic character of the 
process, 

Hence, when IPC is introduced into leaves by infil- 
tration, the preparation is rapidly destroyed in the aerial 
portions of oat and sunflowerplants almost without pene - 
trating into the roots. In these cases no sharp differences 
were found in the destruction of IPC by the experimental 
plants, Incidentally, it should be noted that the IPC 
caused only little retardation in growth of the main oat 
stem and some increase of bushing, The treatment 
caused no visible changes in sunflower plants, At the 
same time, as shown by our parallel experiments, the in- 


troduction of IPC solution into the soil in similar quan- 
tities (calculated per single plant) to the infiltrations 
exerted a herbicidal activity on oat plants, 


Therefore it was of interest to trace the course of 
IPC destruction in individual plant organs when the prep- 
aration was introduced through the root system, As our 
preliminary experiments have shown, a one-hour soaking 
of plants in an IPC solution caused only little growth in- 
hibition in oats and practically no effects in sunflower, 

A three-hour exposure to the preparation caused a severe 
depression on oat plants: on the 2nd-3rd day their leaves 
acquired a dark green color and at the same time their 
bases were noticeably thickened, while on the 10th-11th 
day the leaf tips began to turn yellow and dried up, Usu- 
ally the plants beganto die on the 20th-25th day after 
treatment, The same exposure caused some paling of 
the upper leaves and a slight inhibition of growth proces- 
ses in sunflower plants, A 6-hour immersion of the root 
systems in a solution of the preparation exerted a much 
more significant effect, After such treatment even the 
sunflower leaves manifested a tip necrosis, the plants ac- 
quired a chlorotic appearance and their root growth was 
markedly inhibited, 

Experiments to clarify the nature of IPC destruction 
in plants when the preparation was introduced through 
the roots were conducted by immersion of roots in the 
solution for periods of 3, 4 and 6 hours, As in the case 
of vacuum infiltration, the experimental plants were sub- 
jected to IPC activity when 10 days old (Table 2), 

Effected by this action, an intense transfer of IPC 
occurs from the roots to the aerial plant organs, as a re- 
sult of which the IPC content in the latter is found to be 
greater compared to that of the root system, It should 
also be noted that in sunflowers as well as in oats the 
most marked decrease in IPC content is observed during 
the first 24 hours after treatment. 

The IPC content continues to decrease also on sub- 
sequent days, and on the 4th day after treatment only 
traces of the preparation remain in the plants, It is im- 
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TABLE 2, Changes of IPC Content in Oat and Sunflower Plants Treated through Roots 
for 3, 4, and 6 Hours (in #g per g of raw material) 


3 hours 


4 hours 6 hours 


Time samples were taken 


aerial 
organs 


aerial 
organs 


roots 


Initial sample 
After 1 day 
After 2 days 
After 4 days 
After 6 days 


Initial sample 
After 1 day 
After 2 days 
After 4 days 
After 6 days 


portant to note here that the process of IPC destruction 
in the aerial organs of the experimental plants proceeds 
at approximately the same rate, The IPC content is also 
quite rapidly decreased in the root systems, but the rate 
of this process in experimental plants is not uniform, 
Sunflower roots lose the preparation approximately twice 
as rapidly by comparison with the oat root systems, It 
was necessary to clarify whether the decrease of the IPC 
content in the roots of experimental plants is the result 
of the preparation's destruction in the roots proper or 
whether it is a result of transfer to aerial organs, In order 
to clarify this question experiments were conducted in 
which the roots were separated from the aerial portions 
immediately after treating plants with IPC, The treat- 
ment was conducted by immersion of roots in a 0.036% 
solution of IPC for 3 hours. Twenty-four hours after the 
separation of aerial organs, the IPC content was deter- 
mined in the roots and the sap, Analysis showed that 
when in the initial sample of oat roots 82.6 p g of IPC 
were found per g of raw weight of roots, after 24 hours 
7.8 jg remained in the roots and 68,1 yg in the sap, 
Hence,only 6,7 #g of IPC were destroyed in oat roots 
in 24 hours, In sunflower roots 155.5 yg of IPC per g 
of raw material were found in the initial sample and 
after 24 hours only 4.1 wg in roots and 58,6 yg in 
the sap, The remainder of IPC, 82.8 wg, was destroyed 
in the sunflower root system, 


It follows from these data that,along with the IPC 
destruction in the plants" root systems, a considerable 
amount is secreted with the sap, However, here also 
the same differences are maintained between sunflower 
and oat plants in the roots as were established in the pre- 
vious experiment; namely: in the sunflower roots with 
a background of a considerably higher intake of IPC,the 
process of destruction in the root tissues proceeds at 
several times the rate of that in oat roots, 


Insofar as the possible excretion of IPC by the root 
system is concerned, a direct analysis of the solution on 
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80.0 
17.3 
17.6 
12.1 
none 


157.0 


3 
3.0 
e 


which the roots were placed after treatment has shown 
only traces of IPC (about 0.5 yg per vessel), 

Based on all the experimental results obtained, it 
can be concluded that, irrespective of the resistance 
rate, the plants studied generally respond to IPC activity 
in a similar manner. An intensive detoxication of IPC 
occurs in oat plants as well as in sunflower, However, 
along with the noted identity in the reactions of sun- 
flower and oat on IPC introduction, specific features 
are also manifested. These consist ina weaker develop- 
ment of detoxicating processes in oat roots, which evi- 
dently determines the high sensitivity of herbaceous 
plants to IPC, 


Data obtained by us fully correspond with the con- 
cepts developed by one of us [29-32] that toxic substances 
undergo conversion in plant tissues, as a result of which 
they become detoxicated, In the final balance the de- 
toxicating processes are manifestations of the protective 
reactions in a growing organism, Therefore the herbi- 
cidal activity of chemical preparations should be regard- 
ed in relation to the process of their detoxication in 
plants, 


SUMMARY 


1, The use of different methods of treating plants 
with IPC solutions in our investigations (by infiltration 
and through roots) gave us the opportunity to establish the 
character of herbicide detoxication (as a result of de- 
struction) in individual organs of sunflower and oat plants, 

2, On IPC introduction by vacuum infiltration,there 
is intense destruction of the introduced substance in tissues 
of the plant's aerial organs, In such cases no substantial 
differences were found in the rates of herbicide destruc- 
tion in the experimental plants, In addition, an extreme- 
ly small transfer of IPC to the root system was established, 

3. The fact that IPC introduction through leaves re- 
sults in its very rapid destruction in aerial organs and 
the fact of the nearly total absence of the preparation in 


vA organs roots roots 
Oats 
272.0 | 53.4 | 317.0 406.0 { 107.6 
fa 54.8 8.1 58.9 56.0 24.1 
9.7 24.2 12.8 15.5 
3.2 54 3.8 5.4 6.75 
4 none none none none none : 
Sunflowe, 
222.0 | 450.0 257.0 262.0 | 196.0 
| 35.5 5.5 56.2 33.0 10.2 
10.7 3.8 15.0 11.0 4.0 
: 3.4 2.7 2.7 4.7 2.8 
none none none n | none none Er 
J 


the roots serve as a probable explanation that IPC exerts 
a herbicidal activity on plants mainly through the root 
system. This is also indicated by the fact that on infil- 
tration of an 0.036% IPC solution into aerial organs no 
herbicidal activity was noted even in oat plants, 

4, On the introduction of IPC through the roots a 
rapid transfer of the herbicide takes place to the aerial 
plant portions where destruction occurs, A similar de- 
struction occurs also in the roots of experimental plants, 
However, the rates of this process in sunflower and oat 
are not alike, In sunflower roots, on a background of a 
considerably larger IPC intake, the process of herbicide 
destruction proceeds at several times the rate of the proc- 
ess in oat roots, 

5, Irrespective of the degree of resistance, the plants 
studied respond to IPC activity generally in a similar 
manner, An intensive detoxification of IPC’occurs in 
oat plants as well as in sunflower plants, However, along 
with the noted identity in the reactions of sunflower and 
oats to IPC introduction, specific features are also mani- 
fested. 

The specifics consist of a weaker development of 
detoxicating processes in oat roots, evidently due to the 
higher sensitivity of herbaceous plants to IPC, 
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HISTOCHEMICAL STUDY OF SOME PROCESSES TAKING PLACE 
DURING HARDENING OF CORN SEEDS BY VARYING TEMPERATURES 
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Department of Botany, N. K. Krupskaya Moscow Regional Pedagogical Institute, Moscow 


Translated from Fiziologiya Rastenii, Vol. 8, No. 2, 
pp. 226-232, March-April, 1961 
Original article submitted December 18, 1959 


Investigators have paid particular attention in recent 
years to methods of directed change in the nature of 
vegetables and crop plants of warm climates in order to 
increase their cold resistance, speed of ripening, and 
yield, 

One of the ways to induce a directed change in plant 
nature is the preplanting treatment of seeds by varying 
temperatures which are constantly lowered. 

Most of the investigators who work with preplanting 
consider that the continuous cold is less effective than 
treatment by varying temperatures, 

Some investigators [1, 2] note that the study of the 
processes taking place in seeds during hardening has con- 
siderable theoretical and practical interest, However, 
the changes that take place in the seeds during treatment 
with varying temperatures have not been studied very 
much, The few data on this problem are available in a 
number of papers [2-6]. 

We have carried out a histochemical study of the 
transformation of reserve substances and activity of oxi- 
dizing processes in corn seeds hardened by varying tem- 
peratures, using the histochemical method developed by 
Tsinger {7}. 

For this study we took seed of two varieties: Pervo- 
maiskaya and Uspekh. We used dry corn seeds (control), 
seeds soaked for 48 hours, as well as seeds which had 
been treated for 5, 10 and 15 days, We took 100 seeds 
in each sample and counted the number of germinated, 
nearly germinated, and swollen seeds: we also measured 
the size of the embryo, We studied the dynamics of: 
starch (Lugol solution), fats (Sharlach solution), and pro- 
teins (by qualitative reactions, xanthoprotein and biuret). 
Reducing substances were developed by osmic acid; solu- 
ble sugars by Molisch reagent; ascorbic acid by Giroud 
reagent (Giroud, 1938), Amino acids were developed by 
ninhydrin solution; the activity of peroxidase was deter- 
mined by benzidine and hydrogen peroxide. As a reagent 
for cytochrome oxidase we used a solution of &-naphthol 
and p-aminodimethylaniline, 1:1 ratio (Glick [8]). The 
reagent for polyphenoloxidase was pyrocatechol solution 
in oxalic acid (somewhat changed Boyarkin reagent [9]). 
The slices of seeds were placed on a glass plate in the 
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mentioned reagents, By the stain we judged the approxi- 
mate amount, activity, and locale of the substance under 
study. 


Observations have shown that in corn, Pervomaiskaya 
variety, the size of the embryo in dry seed is 0,5-0.6 cm; 
the size of the embryo in both soaked and treated seed is 
0.6-0,7 cm, Out of 100 hardened seeds, only two seeds 
germinated with a root 1-1,2 cm long, one of which was 
injured andturned black, one nearly germinated, and the 
rest were swollen, In corn, Uspekh variety, the size of the 
embryo of dry seed was 0.6-0,7 cm; of the soaked seeds, 
0.7-0.9 cm; and of the treated, 1,1-1.3 cm, Histochemi- 
cal study of both varieties of corn gave the same picture, 
and therefore in the description we do not distinguish 
varieties,but describe the transformation taking place in 
com seed during treatment; we give explanations accord- 
ing to the varieties only in those cases where differences 
were observed, The processes which take place in ger- 
minating corn seed have been thoroughly studied [10-14], 
but changes in corn during treatments with varying tem- 
peratures have been studied very little. 


It is well known that starch is the basic reserve nu- 
trient substance of the corn seed, Our observations have 
shown that as the extent of hardening increases the starch 
content decreases, In seeds which have undergone hard- 
ening, the starch content in the cells of the embryo, as 
well as in the endosperm, is considerably decreased (Fig, 
1). 


The soluble sugar content is related to the metabo- 
lism of starch, since the sugars are formed during hydrol- 
ysis. In germinating seeds the content of sugars varies 
[10], depending on their utilization by the intensively 
growing embryo, but during treatment the sugar content 
constantly grows, The embryos of dry seeds contained 
only traces of sugars; the embryos which have been hard- 
ened show such abundance of sugars that the whole rea- 
gent into which cells are placed is stained a dark cherry 
color (Fig, 2), These differences are evidently related 
to the increased starch hydrolysis resulting from the treat- 
ment and the insignificant utilization of sugar by the 
cells of the very slowly growing embryo. 
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Fig, 1. Starch content in corn seed, 
for 15 days, 


a) In dry seed; b) in the seed treated 


Fig. 2, Content of soluble sugars in corn seed, a) In dry seed; b) in the 


seed soaked for 48 hours; c) in the seed treated for 15 days, 


The role of sugars acting as protective substances 
against frost damage became indisputable after work of 
N, A,Maksimov. A number of authors [15-18] have shown 
that the metabolism of soluble sugars, which depends on 
the meteorological conditions, as well as the change of 
properties in the cell protoplasm, is important in deter- 
mining frost resistance and also, evidently, cold resistance 
of plants, 

Most of the fat in seeds is concentrated in the cells 
of the embryo, The endosperm is considerably less rich 
in fat, As germination proceeds, the amount of fat in 
the endosperm begins to vary, and in the embryo, it de- 
creases [10, 12]. The changes in the seeds during treat- 
ment with varying temperatures do not lead merely to 
their germination, and because of this, we have estab- 
lished the existence of different rules in the metabolism 
of fat, As the duration of treatment is increased, the 
amount of fat in the embryo increases, especially in the 
cells of the scutellum (Fig. 3), The increase of fat con- 
tent during treatment takes place evidently at the ex- 
pense of starch hydrolysis, The ideas about carbohydrates 
as sources of fat formation have been supported by 
Zhdanova [19] by means of labeled sucrose and acetate 
in mustard and sunflower, and by Sveshnikova [20] on the 

ripening seeds of cil-containing plants (mustard, flax, 
poppy). According to I, N, Sveshnikova, there are three 


types of starch which serve as source materials for fat 
synthesis: plastic, dextranized, and transitory, 


Regularity in the fat accumulation (maximum in 
winter period) and the dissimilar amounts of fat in dif- 
ferent varieties of woody and herbaceous plants (which 
differ in their frost resistance) gave to many authors 
[15, 16, 21-24] the basis for considering fat to be the 
protecting or defense substance, According to Protsenko 
and Polishchuk [15], the fats, as protecting substances, 
have an advantage compared with soluble sugars, since 
they are located inside the protoplasm and do not freeze, 
It is interesting to note that with the increase of cold 
resistance of plants, an active process of fat formation in 
the embryo of treated seeds takes place, The latter once 
more emphasizes the significance of this factor not only 
in frost resistance, but also in cold resistance in plants, 
and indicates a considerable physiological transformation 
which takes place during hardening with varying tem- 
peratures, The content of reducing substances during 
treatment is increased, 


As is known, during seed germination dissimilation 
of reserved proteins takes place under the action of pro - 
teolytic enzymes, forming free amino acids, Free amino 
acids are used then for building the constitutional proteins 
of the young growing embryo. 
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Blagoveshchenskii and Kirillova [25] have studied 
the effect of temporary cooling on nitrogen-containing 
substances of the embryo and endosperm of winter wheat, 
On the basis of these experiments, the authors came to 
the conclusion that the main feature of the changes in 
nitrogenous substances during cooling of swollen seeds is 
a sharp division of protein molecules and their transfor- 
mation into a more mobile state, Since during the treat- 
ment of seed with varying temperatures both slow growth 
of embryo (in warm intervals of treatment) and cooling 
take place, one may expect particularly great transfor - 
mation of reserve proteins, but neither of the qualitative 
reactions by which we studied proteins gave us a clear 
picture of the changes in the proteins during hardening. 
In the corn embryo cells, the biuret reaction for peptide 
bonds showed an increase in the content of proteins only 
in the Uspekh variety. 

The results of the xanthoprotein reaction indicate an 
insignificant increase in proteins in the cells of treated 
embryos, 


The investigations of Pashevich [26] and Kirillova 
[27] are devoted to the study of the amino acid content 
of the different seed parts of winter wheat subjected to 
temporary cooling. According to the data of Kirillova, 
in the dormant seeds there are only 2 amino acids in the 
endosperm, although in the embryo the content is some- 
what greater, The author notes that in the process of 
temporary cooling a gradual increase in amino acid con- 
tent takes place, and in each new sampling new amino 
acids are found, while others disappear, These data indi- 
cate that there is a constant change during cooling, some 
amino acids entering into metabolism and others are be- 
ing released; therefore, at this time, there is a basic 
change in the proteins and their component amino acids, 

While qualitative reactions for proteins did not make 
it possible for us to follow the transformation of proteins 
clearly, the ninhydrin color reaction with free amino 
acids enables us to judge the extent of protein transfor- 
mation taking place during hardening, Our data show 
that dry corn seed contains insignificant amounts of free 


Fig, ‘3. Fat content in corn seed, a) In dry seed; b) in seed 
treated for 15 days, Next to each drawing there is a sepa- 
rate drawing depicting the fat content in the cells next to 
the scutellum of the embryo, 


Fig. 4. Content of amino acids in corn seeds, a) Dry seeds; b) seeds 
treated for 15 days. 
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amino acids, Simply soaking the seeds leads to an in- 
crease in the amino acid content in embryo cells (espe - 
cially in the root, epicotyl and endosperm). In the treat- 
ed seeds the content of free amino acids sharply increases 
(Fig. 4). 

As is known, in plants not one but a number of oxi- 
dizing systems function, by means of which the last or 
final stage of respiration-oxidation of hydrogen of re- 
spired material-takes place, Of all oxidizing systems 
the polyphenoloxidase system is the most significant, 
as it is the most widely distributed in plants which have 
been studied so far . 
[28] have shown that cytochrome oxidase is the dominant 
oxidizing enzyme in plant embryos and in the first 
stages of germination of some plants, which include 
cereals; then, in the process of ontogenesis, the cyto- 
chrome oxidase system is replaced by another oxidizing 
system. 

This interesting change of oxidizing systems was 
also noted by Petrovskaya [29] in the germination of the 
ginseng seeds, 

We studied the activity of 3 oxidizing enzymes in 
dry and treated corn seeds; peroxidase, cytochrome oxi- 
dase, and polyphenoloxidase, Investigations have shown 
that the peroxidase activity in the embryo of dry seed 
is very insignificant, and the endosperm does not con- 
tain the active enzyme, In the soaked seed the enzyme 
activity sharply increases; the enzyme activity is partic- 
ularly great in the embryo root and epicotyl, i,e., in the 
locations of the most active growth, A still sharper in- 
crease of peroxidase activity is observed in the treated 
seed, and enzyme activity increases not only in the em- 
bryo but also in the endosperm. The activity of cyto- 
chrome oxidase increases somewhat in the process of 
hardening. Dry and treated seeds show a very weak re- 
action to polyphenoloxidase, No noticeable difference 
in enzyme activity in dry and treated seeds was observed 
The enzyme is localized in the embryo root and epicotyl, 

Thus, no shift of oxidizing systems takes places in 
the process of hardening corn seeds, 

The intensity of oxidizing processes in plants can 
also be judged by the amount of ascorbic acid, A number 
of authors [30-33] have experimentally confirmed and 
considerably developed the idea of the close relationship 
between ascorbic acid and respiration, The observed in- 
crease in the respiration rate during treatment of plants 
with ascorbic acid and several other vitamins may be 
explained, not only by their direct participation in the 
respiration process, but also by activation of oxidizing 
enzymes [33]. 

In correspondence with data in the literature, our 
observations have shown that in the dry dormant corn 
seed ascorbic acid is absent, In corn seed hardened by 
treatment with varying temperatures, ascorbic acid con- 
tent is increased not only in the embryo, but also in the 
cells of the endosperm, 


The works of Mikhlin and Kolesnikov 


The investigations of Povolotskaya [34] have shown 
that in the endosperm of germinating corn seeds ascorbic 
acid is absent, while in the forming leaves and roots much 
of it is present, 

The observed difference in the ascorbic acid con- 
tent of the endosperm of germinating and treated corn 
seeds is explained undoubtedly by the effect of the low- 
ered temperature of the preplanting treatment, As is 
known [33], the lower temperature causes an increase in 
vitamin C content in piants, 

The increase in ascorbic acid in the embryo and 
endosperm of the corn seeds hardened by varying tem- 
peratures undoubtedly has a great effect on the metabo- 
lism of the seed, and is, most particularly, one of the 
reasons for the phenomenon noted by us earlier, the in- 
crease in activity of peroxidase enzyme. 

In the opinion of a number of authors [35-37], the 
high ascorbic acid content and the high peroxidase ac- 
tivity are typical of plants that are resistant to the un- 
favorable conditions of external environment — 
drought, high and low temperatures, 


SUMMARY 

1, In the process of hardening corn seeds with vary- 
ing temperatures we have established that in spite of 
very slow growth processes, great transformations of re- 
serve substances take place in seeds, 

2. Simultaneously with transformation of reserve 
substances, an active defense-adapting reaction in the 
direction of increased resistance to cold takes place in 
embryo cells (accumulation of sugars and fats, increase 
of peroxidase activity, and increase of ascorbic acid con- 
tent). 

3. The indicated changes undoubtedly affect the 
whole further course of physiological processes and onto- 
genesis of plants developed from these seeds, affecting 
the rate of their growth and development, and increas- 
ing their cold resistance, 

In conclusion, I should like to express my deep grat- 
itude to the scientific director, Professor P, A. Genkel’, 


LITERATURE CITED 
K, Khorovits, Avtoref, kand. diss, (Moscow, 1957), 
D, I, Shutov, N, V, Belyaev, and N, G, Kandina, 
Izv, Mold. Filiala AN SSSR, No, 2, 31 (1955), 
I, L. Makaro, A, V, Kondrat‘eva, and M, I Kutumov, 
Bull, Glavnogo Komiteta VSKhV, No, 17 (1954), 
I, L, Makaro and A, V, Kondrat’eva, Reports of the 
Conference on the Physiology of Plant Resistance 
[in Russian] (Izd. AN SSSR, 1959). 
K. D, Shchupak and N, I, Zaginailo, Tr, Mol, Ovo- 
shche-kartof, Orosit, Opitn, Stantsii (1956), 
O, A, Zauralov, Fiziol, Rastenii 4 ,502 (1957), 
N. V. Tsinger, The Seed, Its Development and Phys- 
iological Properties [in Russian] (Izd. AN SSSR, 1958), 
D, Glick, Techniques of Histo- and Cytochemistry 
[Russian translation] (IL, 1949). 


= 
eee 
TN 
hi 
2. 
<> 
4 
5 
° 
Be ne 
6 
° 
Pict 
1. 
8 
171 
‘ty 


9. 
10, 
11, 


12, 
13, 
14, 


15, 


A, N, Boyarkin, Tr. In-ta Fiziol. Rast, AN SSSR 8, 
No, 2, 1954. 

R, C, Malhotra, Cereal chem, I, 105 (1934), 

S, V, Soldatenkov, A, N, Panteleev, and T. A. 
Mazurova, Tr. Leningr. O-va Estestvoisp, 70, No. 
3 (1950). 

A, N, Panteleev, Uch, Zap, LGU, No, 186 (1955). 
F, A, Haskins,Plant, Physiol. 30, No, 1, 1955, 

Vv. A, Poddubnaya-Arnol‘di and N, V. Tsinger,Coll,: 
Piant Growth [in Russian] (L'vov Univ. Press, 1959). 
D, F, Pratsenko and L, K, Polishchuk, Physiological 
and Biochemical Characteristics of Frost Resistance 
in Fruit Crops [in Russian] (T. G. Shevchenko Kiev 
State Univ. Press, 1948). 

Pp, A, Genkel' and E, Z, Oknina, Studies of the Dor- 
mancy Depth in Woody Plants for Diagnosis of their 
Frost Resistance [in Russian] (Izd. AN SSSR, 1952), 
E, Z. Oknina and T, N, Pustovoitova, Reports of the 
Conference on the Physiology of Plant Resistance 
[in Russian] (Izd. AN SSSR, 1959). 

A. M, Bobrysheva and E, Z, Oknina, Fiziol, Rastenii 
71, 591 (1960). 

L. P, Zhdanova, Fiziol, Rastenii 3, 446 (1956). 

I. N, Sveshnikova, Doklady AN SSSR 118, No, 3, 
604 (1958), 

L, Surozh, Izv. St, Petersb, Lesnogo In-ta, No. 4 
(1900). 

K, Peretolchin, Izv, St. Petersb. Lesnogo In-ta, No, 
2 (1904), 


V. A, Novikov, Zh. Opitnoi Agron, Yugo-Vostoka 
6, 639 (1928). 

T. P. Petrovskaya, Tr, In-ta Fiziol, Rast.AN SSSR 
9 (1955), 


A, V. Blagoveshchenskii and G, A, Kirillova,Doklady 
AN SSSR 100, No, 1, 171 (1955), 

V. Yu, Pashevich, Uch, Zap, MGU, Seria Bot, 36, 
No. 43 (1943). 

G, A, Kirillova, Fiziol, Rastenii 5, 182 (1958), 

D, M. Mikhlin and P, A, Kolesnikov, Biokhimiya 12, 
452 (1947), 

7,-%; Petrovskaya, Bull, GBS, No, 27 (1957), 

V. A, Engel’ gardt and V, N, Bukin, Biokhimiya 2, 
274 (1937), 

B, A, Rubin, E, V. Artsikhovskaya, and T, A, Pros- 
kuryakov, Biokhimiya 11, 349 (1946), 

S, D. L'vov, Basic Directions in the Historical De- 
veloptnent of Studies on Respiration of Plants [in 
Russian] (Izd. AN SSSR, 1950). 

K, E, Ovcharov, Physiological Role of Vitamins in 
Plant Life [in Russian] (Izd. AN SSSR, 1958). 

K, L, Povolotskaya, Coll, 2: Problem of Vitamins 
{in Russian] (Leningrad, VASKhNIL, 1937), 

S, D, L'vov and L, A, Altukhova, Doklady AN SSSR 
80, No, 1, 113 (1951), 

N. L, Sisakyan, Biochemical Nature of Plant Drought 
Resistance [in Russian] (Izd, AN SSSR, 1940). 

A, S, Kruzhilin, 0, A, Zauralov, and A, Ya.Mikhlev, 
Doklady AN SSSR 77, 917 (1951), 


All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 


23, 
24, 
y 25, 
26, 
27, 
28. 
29, 
30, 
16, 31, 
32, 
17, 
33, 
18, 
19, 
20, 35, 
| 21, 36, 
22, 37, 
4 
-~ 
172 
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Many studies [1-9 and others] have shown a very sub- 
stantial difference between wilt-resistant and non-resist- 
ant cotton plant varieties as to carbohydrate and protein 
metabolism, activity of oxidative and hydrolytic enzymes, 
osmotic pressure and pH of cell juice, intensity of photo- 
synthesis, respiration and transpiration, in water retention 
capacity of leaf tissues, etc, However, these investiga - 
tions still do not give a full picture of cotton plant re- 
sistance against verticillium wilt disease, 

The problem before us was to trace the state of some 
physicochemical properties of leaf biocolloids in grafted 
cotton plant varieties differing in their resistance to wilt 
when infected by the fungus, In particular, a study was 
conducted on the viscosity and isoelectric point (IEP) of 
the cell protoplasm in the lower epidermis and hydroph- 
ily of leaf colloids before and after appearance of ex- 
ternal symptoms of disease, 


METHOD 

The experiments were conducted in 1959 in the In- 
stitute of Plant Genetics and Physiology, Academy of 
Sciences,Uzbek SSR, in Wagner vessels of 8 kg of soil 
capacity, * 

To create a predisposing background, barley grainst 
contaminated with Verticillium dahliae (fergan strain) 
were put into the soil, 20 g to each vessel, before they 
were filled, An ordinary non-contaminated soil was 
used as control, 

For the study we used a variety 152-F, quite resist - 
ant to wilt and a non-resistant one 1306-DV. Both these 
varieties belong to the Gossypium hirsutum species. 

Plants were cultivated at 65% of total soil moisture 
capacity, Fertilizers were added at 4 periods: 1 g N, 3 
g P20; and 1.5 g K,0 before planting; 2 g N, 2 g at 
the 4-5 real-leaf stage; 1 g N and 1 g PO; at the highest 
point of budding; and finally 1 g N at the period of mas- 
sive flowering. Altogether the plants received 5 g of 
nitrogen, 6 g P,O; and 1.5 g K,O during the growth period. 
The experiments were conducted in sextuplicate, one 
plant to each vessel, 

The grafting was conducted by the “little tongue” 
method using a test tube of water at the 4-5 real-leaf 
stage. Chronologically the plants were all of the same 
age. 


For testing purposes we took the 4th-5th leaves from 
the top along the main stem with apparent external symp- 
toms and without external symptoms of the disease, The 
time for taking samples was 10 A, M, 

The protoplasm viscosity was determined by the 
Genkel' and Margolina [10] method, its IEP by the 
Konarev [11, 12] method, and colloid hydrophily by 
the size of total coagulation zone obtained on the Du- 
manskii [13] triangular diagram. 


RESULTS 

Observations have shown (Table 1) that on a predis- 
posing background the viscosity of leaf protoplasm cells 
without external symptoms of disease is noticeably in- 
creased, The exception was in the non-grafted plants of 
the resistant variety 152-F, which in this respect showed 
no substantial changes until the appearance of external 
disease symptoms, After the appearance of these symp- 
toms the protoplasm viscosity, on the contrary, consider- 
ably decreased in all experimental variants, which is 
especially characteristic of the non-resistant variety 
1306-DV and its graftings “of itself to itself." 

On grafting a non-resistant variety onto a resistant 
one, the change in plasma viscosity in a non-resistant 
scion occurs at a considerably lower rate, while in the 
reverse combination it is noticeably reinforced in the 
resistant scion, 

Until the appearance of external disease symptoms, 
the degree of hydrophily of leaf colloids, the IEP and 
the zone of simultaneous coloration (+) of cell proto- 
plasm in lower epidermis by an acid and basic fuchsin 
of the variety with greater immunity to wilt (that of 
152-F and its grafts of “itself to itself") remain almost 
unchanged (Fig, 1, Table 2), After the appearance of 
external symptoms of disease, the IEP of the protoplasm 
in this variety shifts somewhat toward the acid side, 
Unfortunately, because of insufficient data, we could 
not determine the colloid hydrophily in the resistant 
variety 152-F, Only few plants were affected by wilt. 


* E.G, Zapruder and F, Dzhanikulov participated in 


the investigation. 
t The wilt-contaminated barley grains were received 
from the Institute of Plant Protection, Uzbek Academy 


of Agricultural Sciences, 
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TABLE 1, Protoplasm Viscosity in Cells of the Lower Epidermis of Cotton Plant Leaves (at fruiting period) 


Concave to convex plasmolysis transition time, min 
Grafts 


Component 
1 2 3 


152-F X 152-F, resistant 
variety grafted on same 
1306-DV X 1306-DV, non- 
resistant variety grafted { 
on same 

152-F X 1306-DV, non-re- 
sistant variety grafted on { 
resistant 

1306-DV X 152-F, resistant 
variety grafted on non- 
resistant 

Variety 152-F, resistant 

Variety 1306-DV, non- 
resistant 


{ stock 
scion 


25.9 0.9 
26.3 + 1.1 


26.8 4 0.75 
28.0 + 0.61 


20.4 0.63 
24.3 + 0.24 


stock 
scion 


23.3 + 0,89 
22.9 + 0.2 


26.8 + 1.07 18.7 + 0.86 
24.7 + 1.0 


stock 
scion 


23.7 + 0.9 
23.3 + 0.9 


26.0 + 0.5 bd 
27.6 + 0.46 22.2 + 0.12 


21.6 + 0.63 
23.4 + 0.32 


26.0 + 0.52 


{ stock 
24.2 + 0,22 


scion 


20.7 + 0.61 
21.0 + 0,50 


non-grafted 
plants 


26.6 + 0.63 26.7 + 0.55 22.6 + 0,52 


24.8 + 0.51 25.5 + 0.9 18.7 + 0.68 


Note; 1) Control (ordinary soil); 2) soil contaminated by wilt, plants without external symptoms of disease; 3) same, 
plants with external symptoms of disease, *Not determined. 


A somewhat different picture is observed in the non- 
resistant variety 1306-DV, In this variety and its grafts 
of “itself to itself" on a wilt-contaminated soil, the 
hydrophily of leaf colloids is markedly diminished 
(Fig. 1) even before the appearance of external symp- 
toms of disease, while the IEP of epidermis cell proto- 
plasm noticeably shifts in a more acid direction (Table 
2). In this case, along with the shifting of IEP toward 
the acid side, it is also characteristic of this variety that 
the region of simultaneous adsorption by the protoplasm 
of acid and basic dyes contracts considerably, These 
changes are aggravated with the appearance of external 
symptoms of disease, 

As seen from Table 2, the region of simultaneous 
coloration of the protoplasm of epidermal leaf cells of 
non-grafted plants of the non-resistant variety 1306-DV 
on ordinary soil by acid and basic fuchsin (+) is 1.4; for 
similar cells of experimental plants without external 
symptoms of disease it is 1.0; and for similar leaf cells 
with external disease s ymptoms it is 0.8, This contrast 
is expressed even more clearly in interlocking stoma 
cells, For these cells of the non-resistant variety the 
zone (+) is respectively 2 and 1,4, but in the last case 
it is only 0.6. The same results were obtained on grafts 
of this variety of “itself to itself." 

The grafting of a non-resistant variety on a resistant 
one noticeably reduces changes in leaf hydrophily, IEP 
and zone of simultaneous coloration of plasma by acid 
and basic dyes in leaves of a non-resistant scion, while 
a reverse combination increases them in a wilt-resistant 
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variety (Fig. 1, Table 2), A scion of both resistant and 
non-resistant varieties affects the physicochemical prop- 
erties of biocolloids in célls only slightly. This is re- 
lated primarily to the adsorption of various dyes by the 
protoplasm. For instance, as shown by data in Table 2, 
the region of simultaneous coloration of plasma by acid 
and basic fuchsin (+) for leaf epidermal cells of the non- 
resistant variety 1306-DV grafted on the resistant 152-F 
on ordinary soil is 1,4; for similar leaf cells without ex- 
ternal disease symptoms on a predisposing background, 

it is 1,2; for the same leaf cells with external disease 
symptoms it is also 1.2, In a reverse combination (1306- 
DV X 152-F), for the stock portion this zone is respectively 
1.4 and 1,2, and in the third variant it is only 0.8, The 
same phenomenon is observed in the interlocking stoma 
cells, 

The comparison of control variants shows that the 
non-resistant variety 1306-DV on an ordinary uncontam- 
inated soil also differs noticeably by their indices of 
physicochemical properties of biocolloids from those of 
the more wilt-resistant variety 152-F (Tables 1 - 2, Fig. 
1). On grafting the former to the latter the protoplasm 
viscosity and colloid hydrophily decreases in the stock 
leaf cells, while in the scion cells the plasma IEP notice- 
ably shifts toward the acid side, In a reverse combina- 
tion these changes are observed in both components, 
Evidently this occurs as a result of reciprocal effects of 
the stock and scion which, as noted above, differ from 
one another in the physicochemical properties of bio- 
colloids, 
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DISCUSSION 

Verticillium withering disease of cotton plants is 
accompanied by essential changes in numerous key phys- 
icochemical properties of biocolloids: viscosity and 
isoelectric point (of electrocolloidal nature) of proto- 
plasm, also the hydrophily of leaf colloids, In the 
wilt-nonresistant variety 1306-DV the zone of simultane- 
ous coloration of protoplasm by acid and basic dyes con- 
tracts considerably, In the more resistant variety 152-F 
the region of simultaneous absorption by plasma of chem- 
ically heterogeneous dyes is almost unchanged. This af- 
fords a basis for the supposition that one of the basic 
characteristics of cotton plant resistance to wilt consists 
in the preservation of the protoplasm's property to ab- 
sorb different substances with a wide gradation of pH in 
cases when the cells are infected by this parasite, 


According to our preliminary observations, conduct- 
ed by the Genkef and Margolina [14] method, the proto- 
plasm's elasticity diminishes noticeably in the leaf cells 
of diseased plants of the resistant as well as non-resistant 
varieties, Evidently other properties of the protoplasm 
are also altered (the penetration, osmotic properties, 
etc.), On the whole, all these changes indisputably 
bring about a disturbance of the protoplasm'‘s submicro ~- 
scopic structure, as a result of which the cell metabolism 
changes in the wilt-contaminated plants, since the direc- 
tion and management of the metabolic processes, as is 
known [15-17], are directly determined in the living cell 
by the well regulated disposition of enzymes in the pro- 
toplasm’s structural elements and is easily altered by the 
effect of external factors on these structures, And in fact, 
as shown by numerous investigators [2-5 and others], also 
by our preliminary experiments, incotton plants affected 


L 
a b 


3 
a b 


Fig. 1. Changes in biocolloid hydrophily in grafted plants of wilt-resistant and wilt non- 
resistant cotton plant varieties (at the fruiting stage). I) Variety 152-F, resistant; ID) va- 
riety 1306-DV, non-resistant; III) variety 152-F grafted on the same variety, sample for 
analysis taken from the scion; IV) variety 1306-DV grafted on the same variety, sample 
taken from stock; V) variety 1306-DV grafted on 152-F, sample taken from stock; VI) the 
same combination, sample taken from scion; VII) variety 152-F grafted on 1306-DV, 
sample taken from stock; VIII) the same combination, sample taken from scion. a) Con- 
trol (ordinary soil); b) soil contaminated by wilt, plants without external disease symp- 
toms; c) same, plants with external disease symptoms. Region: 1) total coagulation; 

2) partial coagulation; 3) turbid; 4) sol stratification. 
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Fig. 2, Effect of stock on wilt resistance 
of a scion of various cotton plant varieties, 
1) Resistant variety 152-F grafted on non- 
resistant 1306-DV, ordinary soil (control): 
2) the same as in 1, soil contaminated by 
wilt; 3) variety 1306-DV grafted on 152-F 
(reverse combination), soil contaminated 
by wilt, 


by wilt disease the hydrolytic predominate over the syn- 
thetic processes, Large amounts of toxic compounds 
(phenols and tannins) accumulate in tissues of diseased 
plants,which finally destroys them [3-4 and others], 

In our experiment the change in physicochemical 
properties of biocolloids in the leaf cells of wilt-diseased 
plants is observed long before the appearance of the ex- 
ternal symptoms of disease, especially characteristic of 
the non-resistant variety 1306-DV, Therefore the change 
in the physicochemical state of biocolloids (primarily 
that of the protoplasm), in our opinion, is the initial stage 
of the cells* wilt disease, 

Grafting of a variety non-resistant to wilt ona 
more resistant one prevents,to some degree, major 
changes in the biocolloid physicochemical properties, 
which averts destruction of the non-resistant scion from 
wilt, A non-resistant variety on a resistant stock grow 
more or less normally and bears fruit (Fig. 2), 

The increased wilt resistance ofcotton plants in 
cases of grafting a non-resistant on a resistant variety 
has been noted previously by other investigators [18,19]. 
In our experiments on reverse combination, i.e., when a 
resistant variety was grafted on a non-resistant one,both 
components, having their own leaves, suffered greatly 
from verticillium wilting (Fig. 2), In this case in wilt- 
diseased plants of the stock as well as the scion a very 
marked change occurs in the physicochemical properties 
of biocolloids, The grafting of a resistant variety on a 
non-resistant one exerts a slight effect on the state of 
biocolloids in cells of the non-resistant stock, Facts 


presented here indicate that the basic role in cotton 
plant resistance to verticillium withering is played by its 


root system, Therefore,for the fullest clarification of the 
nature of cotton's wilt-resistance, apart from the physio- 
logical-biochemical studies of the aerial organs, it is 
necessary to study its root system thoroughly. At the 
present time experiments are being conducted in this 
direction, results of which will be reported in the future, 


From these experiments the following practical con- 
clusions ensue: when wilt-resistant varieties are sought 
by grafting, the stock must always be of the resistant 
variety, A non-resistant stock leads to a decrease of 
resistance in a resistant scion, 


SUMMARY 

In cotton affected by wilt the protoplasm viscosity 
in cells of the lower epidermis of the leaves appreciably 
increases, the isoelectric point shifts toward higher acidity 
and the hydrophily of the leaf colloids sharply drops 
even before any external changes become visible. The 
zone of simultaneous coloring by acidic and basic dyes 
becomes narrower, After appearance of visible symp- 
toms of the sickness the protoplasm viscosity, on the 
contrary, appreciably decreases and other properties con- 
tinue to change as before at a higher rate, These data 
mainly refer to the wilt non-resistant variety 1306-DV: 
In the more resistant variety 152-F changes in the physico- 
chemical properties of the biocolloids are observed in 
leaves only after visible symptoms of the sickness become 
apparent, 

Changes in the physicochemical properties of bio- 
colloids prior to the appearance of visible symptoms 
should, in our opinion, be regarded as the initial stage of 
wilt affliction of the cell, 

Grafting of a wilt-nonresistant variety onto a re- 
sistant one lowers the degree of variation of the leaf cell 
biocolloids and the non-resistant graft can grow in a 
more or less normal fashion and fructify. The converse 
combination,on the contrary, leads to greater changes in 
the physicochemical properties of the biocolloids in 
the leaf cells of the resistant graft and the latter perish- 
es, This seems to indicate that the main role in wilt 
resistance of cotton is played by its root system, 

Physiological -biochemical studies of the aerial or- 
gans of plants, as performed hitherto, are not sufficient 
for a complete elucidation of the nature of wilt resistance 
in cotton, For the solution of this problem a thorough 
study of the root system of cotton,which is the first to be 
afflicted by the fungus, should be performed. 
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BRIEF COMMUNICATIONS 
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Determining the nature of the primary products of 
photosynthesis is greatly complicated by their instability, 
This also applies to the product of extracellular reduc- 
tion of carbon dioxide by an enzymatic complex which 
appears as the same unsaturated iron-containing poly- 
hydroxyacid formed in leaf photosynthesis [1]. Decom- 
poses even when extracted by cold water and decomposi- 
tion increases on subsequent chromatography. To stabi- 
lize the primary photosynthesis products Metzner [2] 
carried out their reduction with KBH,y, In our previous 
experiments some stabilization was attained by preparing 
polyhydroxyacid barium or ammonium salts [1, 3]. And 
partial decomposition still occured which led to a de- 
crease of Cl4 percentage in the alcohol groups, To pre- 
vent decomposition we benzoylated the alcohol groups 
by the Schotten-Bauman method to the point of separa- 
tion of polyhydroxyacids from the enzymatic complex. 
Following experimental reduction of C4 -labeled car- 
bon dioxide in darkness in a hydrogen atmosphere by 
complexes isolated from Trifolium repens or Primula 
obconica leaves, they were subjected to rapid freezing 
at a temperature of solid carbon dioxide, Then the fro- 
zen complex was put in a 10% solution of NaOH with 
benzoyl chloride, In these cases less than 10% of assi- 
milated C’* was removed in the alkali as unstable car- 
bon dioxide, All the remaining c™ was preserved in 
the benzoylated polyhydroxyacid, We employed various 
solvents to separate it from the complex, However, a 
partial decomposition occured in all solvents containing 
water, as, for instance, in a 4:1:5 mixture of butyl alco- 
hol, acetic acid and water, Without preliminary benzo- 
ylation nothing was preserved in this solvent, Best results 
were obtained in water-free solvents; for instance, in a 
4:1 mixture of chloroform and methyl alcohol. There 
was absolutely no decomposition of benzoylated poly- 
hydroxyacid, and almost total separation from the pro- 
tein residue which composed nearly 50% of the complex 
by weight; the cited data were obtained with complexes 
of primula; the same results were also obtained with 
complexes from clover(table). 


The percentage of C™“ in carboxyl groups of poly- 
hydroxyacid by decarboxylation of its dry barium salt 
was found to be 24,4%; the remaining C™ was found in 
the alcohol groups of the acid. Thus, it was confirmed 
that in the given stage of the carbon path reduction al- 
ready occurs, When extracted by organic solvents with 
benzoylated polyhydroxyacid the lipids are separated 
from the protein portion; they comprise 13.7% by weight 
of clover complexes and 12,5% of primula complexes, 
They do not contain oe but flavin found in this frac- 
tion on chromatography in a mixture of chloroform and 
methyl alcohol advanced together with polyhydroxyacid, 
producing one stain (Fig. 1), But in a mixture of butyl 
alcohol with acetic acid, with partial decomposition of 
polyhydroxyacid, an individual flavin stain appeared on 
the chromatogram which did not contain c™ and which 
possessed a characteristic fluorescence in ultraviolet 
light. While flavin remained combined with the com- 
plex,its absorption spectrum resembled that of lipoflavin- 
protein studied by Green's [4] laboratory, When the pig- 
ment was separated by organic solvents, absorption 
spectra were obtained typical of flavin enzymes [5], as 
for instance, the spectrum in methyl alcohol recorded 
on an SF-4 spectrophotometer (Fig, 2). In obtaining the 
spectra we were aided by I. I, Antipova-Karataeva, a 
candidate in the physical-mathematical sciences. 

The presence of a very low oxidation-reduction po- 
tential (-0,45 volts) was shown in bimetallic flavin en- 
zymes of the hydrogenase type, and at the same time 
the possibility of reacting at high values of this potential 
[6]. The enzymatic complex isolated by us which con- 
tains iron and manganese is such a metalloflavoprotein, 
having strong hydrogenase activity but fully capable also 
of reacting under aerobic conditions at the expense of 
oxidized iron which had been reduced in a hydrogen at- 
mosphere or upon photosynthesis in leaves [1, 3]. 

The probability of the presence of heavy metals in 
photosynthetic enzymes was shown long ago by Warburg 
[7]. Later Gaffron [8] found hydrogenase participation 
in carbon dioxide reduction of green algae placed in a 
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Fig, 1. Autographs of radiochromatograms, a) Absence of non- 
benzoylated products of reduction (chromatography in butyl alchol 
with acetic acid); b) benzoylated product of reduction (chroma- 
tography in butyl alcohol with acetic acid); c) benzoylated product 
of reduction (chromatography in chloroform with methyl alcohol), 


: 


Preservation of the Primary Product of Enzymatic Reduction of co, 


c* in % of total fixation After separating polyhydroxyacid 
of 40 mg of complex After benzoylation 


(0.36 mg of CO,) CHgCH,CH,CH,OH: 
: CHyCOOH : H,O 


Unstable CO, 4 29.5 0 
Polyhydroxyacid 34,9 89,2 
Remainder in the complex 25.9 1,1 


metal (in our case, manganese) is basically an electron 
donor (6, 10], Accordingly,there are wide possibililties 
of changing the reaction capacities within the complex. 
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hydrogen atmosphere, Then one of us [9] established 
the presence of hydrogenase in chloroplasts of various 
higher plants and the participation of its complex in 
carbon dioxide reduction, Current data permit designat- 
ing this complex and assimilating plant enzyme, In its 
properties it resembles other hydrogenases and unsaturat- 
ed heteroorganic compounds with two metals in which 
the first, necessarily transitional, as iron in our case, is 
irreplaceable without destroying the structure, The other 
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The germination of cotton seeds is widely used in 
scientific research and industrial practice, Unfortunately, 
in spite of numerous papers published, methods of germi- 
nating the seeds, in particular with reference to the con- 
trol of water relations, have not been made sufficiently 
clear, and sometimes have been omitted entirely. 

In some investigations [1, 2] the authors considered 
it necessary to germinate cotton seeds on moistened fil- 
ter paper after 24 hours of soaking, In another popular 
work [3],in order to obtain a rapid estimate of the germi- 
nation of cotton seeds, 18-hour soaking is recommended, 
after which the seeds are germinated in a layer of water 
which is poured according to a visual estimate, Nazirov 
[4] concluded, on the basis of his experiments, that soak- 
ing cotton seeds in water as well as washing them during 
the germination period led to a lowering of germination 
capacity of the seeds as a consequence of washing from 
them a considerable quantity of substances necessary for 
normal germination, 

According to communications of various investiga - 
tors, some methods of wetting the seeds can give both 
a positive and negative effect, In this connection, Crock- 
er and Barton [5] expressed the opinion that the incon- 
sistency in the results obtained could, in all probability, 
be explained to a large extent by differences in the con- 
ditions under which the experiments were set up. 

The considerable importance of the problem involved 
made it necessary to carry out special experiments with 
the purpose of establishing the most effective method of 
germinating cotton seeds on filter paper in Petri dishes, 
The work was begun at the Department of Plant Physiol- 
ogy of the Tashkent Agricultural Institute [6, 7] and was 
continued by us at the Institute of Genetics and Plant 
Physiology, Academy of Sciences, UzbSSR,in the Labora- 
tory for the Biology of Plant Development. 

Since literature data do not show any rate of swel- 
ling or consumption of different quantities of water at 
absolute values for seeds of the various forms of cotton, 
we first determined these potentialities for the object of 
our investigations — variety 108-f. It was found that the 
greatest intake of water into the seeds when they were 
fully immersed in distilled water occurred during the 
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first hours of soaking, After a lapse of one day the 
swelling of the seeds declined sharply, Therefore, we 
can assume that after a day the seeds had been able to 
assimilate a basic amount of water; in our experiment, 
using moist bedding, this consisted of 89,1% (Table 1), 

For the purpose of clarifying the biological require- 
ments of cotton seeds for moisture in relation to tempera: 
ture during the period of their swelling and germination, 
seeds were germinated with different amounts of mois- 
ture in the environment without the preliminary soak- 
ing procedure. The germinating was done in Petri 
dishes on a bedding of two and ten layers of filter paper, 
moistened to full saturation with distilled water, using 
nine treatments of additional moistening of the seeds, 
For each treatment 50 seeds were selected with an ap- 
proximate weight of 5,8 g, Since about 5,17 g of water 
was required for the swelling of this number of seeds, in 
one of the treatments the seeds were moistened with 5 
cm’, and in all the remaining treatments a progressively 
smaller (down to 3 cm’) or larger (up to 15 cm’) amount 
was used, The prepared dry seeds (in lots of 50) were 
placed in a glass container, moistened with the designat- 
ed amount of water, carefully stirred, and quickly trans- 
ferred from the remaining water to Petri dishes, where 
they were distributed in an even layer, Germination was 
carried out at temperatures of 18, 20 and 28 deg. The 
water which had evaporated from the Petri dishes was 
compensated for daily by weight. The results of the 
experiment (Table 2) showed that in treatments with the 
two-layer bedding the seeds germinated better with ad- 
ditional moistening with 5-6 cm! of water, and in treat- 
ments with a bedding of ten layers, with 4-6 cm of 
water, When there was an excess of moisture the seeds 
took on a dark, wet appearance even on the first day. 
This is a very undesirable feature, predicting the loss of 
viability of the seeds, 

The following experiment showed that the environ- 
ment providing the seeds with moisture in the process of 
their germination played a very important role both be- 
fore and after the beginning of germination, and that 
with a different number of layers of moistened bedding 
with the same norm of water given for the swelling of 
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TABLE 1, Water Intake in Cotton Seeds During the Swelling Process (temp. 


21-23 deg) 


Wt. of 50 Wt. of seeds after swelling for: Water intake 


in % of air- 


Replications | air-dried 
seeds, g 18 hr 


21 hr 24 hr dried seed, wt. 


1 10.50 
2 10.85 
3 10.90 
Average 5. 10.75 


10.60 10.65 
11.00 11.05 
11.15 11.20 
10.92 10.97 


TABLE 2, Germination of Cotton Seeds in Relation to Amount of Moistening, Number 
of Layers of Filter Paper, and Temperature 


Norm of Percent of seeds germinating 1-4 days from time of moistening at a 
water used temperature of: 


to moisten 18° 


20° 


seeds, cm? | 


3 4 


2 


| 3 4 


| 


ten-layer 


88 
80 
74 
72 


ce 

| 


On two-layer filter paper bedding 


| 


| 


56 
86 
95 
79 
66 


TABLE 3, Change in Weight of Germinating Seeds in Relation to Number of Layers of Moistened Filter Paper at a 


Temperature of 21-23° 


Moistening 
water, g 


Seed weight increase 1-3 days after moistening 


Moisture 


Treat- Paper Initial weight 
mentNo,| layers of 50 seeds, g 


evapora- 


bedding 


tion in 
1-3 days,g 


the seeds, they increased differently in weight (Tabie 3), 

From Table 3 it is evident that during the course of 
the first day the seeds on two layers of filter paper in- 
creased their weight by 107% and on ten layers by 126%, 
In subsequent days the difference between the treatments 
increased still further, 

The better germination of seeds on ten layers of fil- 
ter paper can be explained by the fact that it acts as a 


0.428 
0.453 


regulator of water relations, When there is not enough 
moisture in the seeds the filter paper easily restores part 
of their reserve, and when there is a surplus it plays a re- 
tentive role, With a near optimal moistening the life 
processes in the seeds proceed more intensively, We were 
convinced of this by a measurement of respiration which 


' was determined by the method of Boisen-Jensen, modi- 


fied by S. V. Tageeva (Table 4), 


a6 9 
87.3 
93.1 
3 2 20 4 2 4 
4 12 42 72 38 56 ad 
Be 5 56 80 74 92 98 ei 
a 6 62 70 76 88 94 ea) 
+ 7 44 48 60 86 90 Peis: 
Cae 8 26 30 58 60 72 90 hae 
= 9 14 16 28 34 58 85 E> 
= 10 6 6 14 14 44 78 ‘he? 
ab 40 58 88 38 68 ee 
58 92 92 84 92 
70 88 90 96 98 
64 82 82 94 94 
a 49 58 67 68 92 94 Gs 
BY 37 50 58 64 88 92 aan 
= 30 30 32 50 76 90 py) 
14 14 14 14 54 82 
1 2 5.8 2.37 | 5.17 | 6.21 | 107] 6.40] 110 | 663] 114 
i: 2 10 5.8 11.85 | 5.17 | 7.30 | 126] 7.63] 131 | 8.09] 139 “tle 


TABLE 4. Respiratory Rate of Germinating Seeds on Bed- 
ding of Ten Layers of Filter Paper with Different Mois- 
tening of the Seeds (temp. 28°). Number of seeds in Pe- 
tri dishes— 50; taken for analysis—lots of 10 


Respiration in mg 
CO, in 1 seed for 
1 hr after: 


Amount of water in 
addition to moistening 
of bedding, cm® 


1 day 2 days 


0.041 
0.061 
0.038 
0.030 


0,042 
0,055 
0.055 
0.018 


From Table 4 it can be seen that the most intensive 
respiration of the seeds was observed under optimal mois- 
tening conditions, i.e.,when they were moistened with 
5 cm? of water, 

When cotton seeds were germinated on ten layers 
of moistened filter paper they attained not only the best 
germination, but also showed the best biological proper- 
ties of the varieties investigated, for example, differences 
in early ripening ( Table 5), 

The investigations carried out by us showed that a 
deficiency and also an excess of water during the initial 
developmental period of the seeds had a negative effect 
on their vitality and rate of germination, Under low 
temperature conditions germinating cotton seeds are more 
resistant to insufficient moisture, but at high temperatures, 
on the other hand, they are more resistant to over-mois- 
tening than to a deficiency, Using this peculiarity, it 
is recommended that the germination of cotton seeds 
under laboratory conditions, where it is done in Petri 
dishes, be carried out on optimally moistened multi- 
layered bedding, at the same time giving only the addi- 
tional norm of water necessary for the swelling of dry 


TABLE 5, Germination of Seeds of Three CottonVarie- 
ties (temp. 26-28 deg) 


Seeds germinating 


after 1-3 days, %y Percent of seeds: 


incapable o 
germinating Weak 


KK-1086 
108-f 
S-460 


Variety 


1.3 
13.3 


seeds, It is necessary to add the amount of the water 
evaporated by weight under the moistened bed, 

The ten-layer bedding in our experiments was cho- 
sen conditionally, However, its actual possibilities for 
seed germination turned out well, The regulation of 
moisture in the growth processes of radicles is one of 
the important points which will have to be considered, 

The author expresses his gratitude to Professor Kh, 
Kh. Enileev and to the agricultural science candidate 
Sh. I, Ibragimov for active assistance given while this 
work was being carried out. 
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While working under field conditions, our attention 
was attracted to the effect of such factors as rain and dew 
on the state of the water conditions in plants, Although 
the experimental material on this problem which is de- 
scribed in the present report has still not found a suitable 
explanation, it seems to us to be of definite interest, 

The numerical material characterizing the effect 
of rain on the state of the water conditions in corn leaves 
is shown in Table 2, and the effect of dew in Tables 
1 and 3, 

The data given in Table 2 for 1956 show that in 
the sample taken about 4 hr after a rain (August 15) an 
increase in the total water content of leaves and an in- 
crease in the amount of free water are observed. The 
amount of total bound water and colloidally-bound water 
is considerably lowered, The osmotic pressure of the 
cell sap and the osmotically-bound water are also re- 
duced, The reduction in the amount of total bound wa- 
ter is due mainly to the rather sharp decrease in the 
amount of colloidally-bound water, based on fresh and 
dry weight. On the day following the rain (August 16) 
the value of all the indices of the water conditions were 
close to those on the eve of the rain (August 14). 

Such a change in the state of the water conditions 
in leaves under the effect of a rain was also noted in 
1958 (Table 2), Already about an hour after the start of 
a rain, the amount of free water appreciably increased in 
the leaves and the amount of total bound water and col- 


INFLUENCE OF RAIN AND DEW ON WATER CONDITIONS IN PLANTS 


Biological Institute, Kazan Branch of the Academy of Sciences, USSR, Kazan 


TABLE 1. Indices of the Water Conditions of Corn Leaves (1958 data) 


2, 


loidally -bound water decreased. However, in contrast to 
the 1956 data, here we see a change in the relation of 
the free and bound water in leaves in the absence of a 
noticeable increase in the total content of water, The 
latter is apparently explained by the fact that the water 
deficit was not large in the leaves and the effect of the 
rain was not prolonged (about an hour, light rain). 

Dew had an effect similar to rain on the state of 
the water conditions of leaves (Table 1), 

Thus, by comparing the indices of the water condi- 
tions of leaves at 4;30AM July 29(no dew) and July 30 
(heavy dew; before the analyses the leaves were care- 
fully wiped with filter paper) it is apparent that the dew, 
without causing a noticeable change in the total water 
content, did cause a sharp increase in the amount of free 
water and a decrease in the amount of colloidally-bound 


water, based on both fresh and dry weight. 
It is necessary to note that in view of the difficulty 


in selecting two mornings in a row—one without dew and 
one with dew—to study this problem,we mainly took sam- 
ples characterizing the daytime course of changes in the 
indices of the water conditions of leaves for some date 
in July when there was no dew and in August when dew 
was observed, Some of these data are shown in Table 
3, On all dates without dew the amount of total bound 
water, colloidally-bound water based on fresh weight 
and, especially, the amount of colloidally-bound water 
based on dry weight for 4AM by far exceed the values 


Time of | Air Water in g per 100 g fresh weight qsom . 

qt 

total free bound |cally- ally- |g 
bound bound 68 65." 
4:30 AM| 15.0 81.47] 36.73 44.74 9.55 35.19 189.9 3.53 
9:30 AM 28.0 77.7 34.07 43.63 15.04 28.59 128.2 5.83 
2:30 PM 32.0 75.93] 36.08 39.85 14.4 25.45 105.7 5.74 
7:30 PM 18.0 77.57] 27.8 49.77 12.84 36.96 164.8 4.98 
4:30 AM 15.2 81.41] 49.43 32.0 10.85 24.15 113.5 4.01 


Note: The indices of the first four rows in the table refer to July 29 and the last row to 


July 30. 
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TABLE 3, Indices of the Water Conditions of Corn Leaves during Moming Hours in the 
Presence of Dew and Without It 


Water in g per 100 g fresh weight 
Date osmoti- |colloi- pressure, 
total |free | boundjcally- jdally- |35 atm 
bound |bound |O8 
July 21, 1957 4* 177.63 | 33.07| 44.56] 13.04 34.52 140.9 5.06 
9 173.93] 33.33] 40.60] 16.65 23.95 91.9 6.79 
August 22, 1957 4** 174.67 | 48.22] 26.45] 11.65 14.80 58.4 4.70 
9 169.17) 28.65] 40.52] 15.24 25.28 82.0 6.64 
August 12, 1958 179.20] 33.00] 46.20] 10.714 35.49 170.6 4.07 
9 |74.33| 15.34 31.79 123.8 6.20 
August 25, 1958 4** 175.83 | 36.07] 39.76] 12.68 27.08 112.0 5.04 
9 173.20) 23.07] 50.13] 15.26 34.88 130.1 6.28 
July 17, 1959 4* 180.40] 38.27 | 42.27 9.45 32.82 167.1 3.54 
9 177.90} 37.90} 40.00} 411.47 28.53 129.5 4.43 
August 18, 1959 4** 174.70) 33.36141.34] 14.94 26.40 104.3 6.03 
9 |70.17] 23.39 |46.78| 17.50 29.28 98.2 7.52 


* No dew. 
* *Dew. 


of these indices for 9AM,which is slightly expressed or water when there is no increase in the total water con- 

completely absent when dew falls (Table 3), tent in leaves, We can only assume that rain and dew 
The fact that in a number of cases in the presence affect the state of water in leaves not only through an 

of dew the amount of total bound water and colloidally- _ increase in the total content of water but are also,at the 

bound water by ‘9 AMis greater than at 4 AM apparently same time, stimulants, In other words, even an insignif- 

testifies that the changes caused by the effect of the dew _ icant increase in the total water content in leaves under 

are not retained very long. However, the experimental the effect of dew and rain, which is difficult to detect 


material at our disposal is inadequate for a more complete by the methods we used, can cause large changes in the 
discussion of the duration of retaining the changes caused _ state of the water conditions in plants, 


by the dew and, more so, of their effect on the subsequent Apparently in all the cases we examined the same 
course of the changes in the state of the water conditions mechanism underlies so sharp a change in the relation 
of leaves during the day. of free and bound water in leaves, including the con- 
The material cited thus shows that rains and dew siderable decrease in the portion of colloidally-bound 
even with a brief effect cause a sharp change in the state water, Since we do not have the appropriate experimen- 
of the water conditions of leaves toward the side of an tal material at our disposal, we will not dwell here in 
increase in the amount of free water and a decrease in detail on this side of the problem, but note only one of 
the amount of bound water, The decrease in the amount _the possible hypotheses. 
of total bound water is mainly caused by the rather sharp According to Alekseev [1], bound water in a cell is: 
decrease in the amount of colloidally-bound water,based 1) A large portion of the water participating in the 
on both fresh and dry weight. Such a character in the chemical hydration of the colloidal and molecularly- 
change of the state of the water conditions of leaves un- dispersed phases of the membrane, protoplasm, and cell 
der the effect of rain and dew is observed both with an sap; 2) water immobilized mechanically inside the mi- 
increase and in the absence of a noticeable increase in cella of high-polymer colloids (structurally-bound water), 
the total content of water in leaves, The absence of a In view of the fact that at present we do not have meth- 


noticeable difference in the total water content in leaves ods which make it possible to determine separately all 
in the cases we examined is explained apparently by the fractions of bound water, in our tables and discussions we 
absence of a water deficit in the leaves and by the short mean by the expression “colloidally-bound water,” water 


duration of the effect of these factors, bound by colloids not only by hydration but also structur- 
In connection with what has been stated, the prob- ally . Here the amount of colloidally-bound water is de- 
lem arises concerning the possible causes of the effect termined by both the quantity and quality of the colloids 
of rain and dew on the state of the water conditions of and by their structural state, A change in the structural 
leaves, In those cases when rain and dew lead toan in- _ state of the colloids can render a great effect onthe abil- 
crease in the total water content in leaves, this problem _ ity of colloids to bind water by hydration and structurally, 
is, so to speak, superfluous, Rain and dew affect the It is possible that changes of the latter type mainly cause 
total water content and thus the state of the water in a sharp decrease in the amount of bound water under the 
the leaves, It is more complex to speak about the rea- _— effect of rain and dew, Such a mechanism, it seems to 


sons for the effect of these factors on the state of the us, is more probable also from the point of view of the 
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rate of the change we observed in the state of the water 
conditions of leaves, 

Our data characterizing the effect of rain and dew 
on the state of the water conditions of leaves are in 
definite agreement with the data available in the litera- 
ture concerning the effect of irrigation on the state of 
water in leaves, Thus, a considerable increase in the 
free water and a decrease in bound water in leaves 
after irrigation is noted in the studies by Vasil’eva [2] 
and Petinov [4]. In spite of the fact that these data 
characterize the state of water in leaves several days 
after irrigation and in view of the fact that they insuf- 
ficiently clearly reflect the direct effect of the irrigation 
itself, we can assume that water, the factor of influence 
in the case of both dew or rain and irrigation, has an 


effect on the state of the water conditions in leaves al- 
ways in the same direction, toward an increase in free 
water and a decrease in bound water, 
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Bierry’s method for the determination of sugars [1-4] 
is a variant of that of Bertrand [5, 6],and,while possess- 
ing the merits of the latter, enables determinations of 
smaller amounts of sugar to be made in very small vol- 
umes of liquid, For this reason it is recommended by 
the authors of several textbooks [7-10]. Furthermore, it 
is a simple method to use and where repeated determina - 
tions have been made, particularly using purified ex- 
tracts, consistent results have been obtained, When em- 
ployed after such modern techniques as ion-exchange 
resin purification of extracts, Bierry’s method [4] com- 
pares favorably with other modern methods for sugar 
determination practiced by plant physiologists, in partic- 
ular with Bertrand’s [5, 6], 

There are, however, certain deficiencies in the 
table given by Bierry [4],from which the results of the 
analyses are to be calculated, 

The amount of copper reduced from the cupric to 
the cuprous form is not given to a sufficient number of 
decimal places and this reduces the accuracy of any cal- 
culation made from the table, At first sight it would 
appear that,within the limits of the general accuracy of 
the Fehling's reducing technique,the table shows almost 
a direct proportionality between the glucose content of 
a given solution and the quantity of copper reduced from 
the cupric to the cuprous form, However, our own data 
show that these two values, as given in Bierry's table, 
are by no means directly proportional, This is demon- 
strated in Fig, 1.* Bierry's figure for the amount of cu- 
prous oxide formed inthe Fehling'ssolution after heating 
in the absence of glucose is rather high (0.40 mg copper), 
which compels one to doubt the purity of the reagents 
employed by that author in the preparation of the Fehl- 
ing's solution, 

The composition of the Fehling's solution used by 
Bierry is not quite clear, The authors state they prepar- 
ed the alkaline copper solution according to Bertrand's 
formula, However, different reference books give dif- 
ferent compositions and concentrations for the alkaline 
Rochelle salt mixture which is used in preparing the 
Fehling's solution for Bertrand's technique. Some books 


METHODS 


A MORE REFINED METHOD OF CALCULATION 
IN MICRODETERMINATIONS OF SUGARS 


K. A. Timiryazev Institute of Plant Physiology, USSR Academy of Sciences, Moscow 
Translated from Fiziologiya Rastenii, Vol. 8, No. 2, 


[7-14] recommend NaOH as the alkali, others KOH, at 
a concentration of 150 g/liter [10, 14-16], or for Bierry's 
method, 50 g/liter of KOH [7]. Certain authors have 
suggested the use of KyCOs as the alkali [17]. 


The table prepared by Bierry [4] for his method is 
designed to enable glucose contents between 0,1 and 9 
mg to be determined, However the form of the table 
[4] is not convenient for that purpose, for what the table 
actually gives is the relationship between the sugar con- 
tent of a solution and the amount of cuprous oxide form- 
ed by reduction. This entails a preliminary conversion 
of the volume of potassium permanganate solution used 
in a given titration to milligrams of copper, A more 
convenient form of the table would be one showing 
directly the glucose content of the solution in terms of 
the volume of potassium peranganate solution used in 
the titration, 

The considerations enumerated above have caused 
the author to compile a new table for the estimation of 
sugars in small quantities, This table is intended for 
use with Bierry's technique.but is more accurate and 
more convenient to use than the one provided by Bierry 
himself, This table has been compiled from the results 
of our own indirect determinations of the glucose in pure 
solutions of different known concentrations, using Bierry's 
[4] experimental technique, For this purpose, we used a 
Fehling's solution of the constitution and concentration 
initially proposed by Bertrand [5, 6]. 

This table enables the research worker to determine 
amounts of sugar within the limits 0,06 to 13,2 mg in 3 
ml of solution, i.,e.,over a wider range than Bierry's table 
[4]. 

A comparison of the accuracy of Bierry’s table and 
that of the author is represented graphically ‘n Fig. 2, 
This graph is based on numerical data obtained from the 
two tables in those sections where they correspond most 


* The value for the quantity of copper reduced from 
the cupric to the cuprous form is a corrected value, The 
correction is based on the reducing capacity of the Fehl- 
ing's reagents (0,09 mg cuprous oxide), 
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Fig, 1, Relationship between the amount 
of copper reduced from the cupric to the 
cuprous form and the quantity of glucose 
in the solution, 1) Relationship curve; 2) 
direct proportionality, 


closely, The top abscissal scale in mg of copper, as 
given in Bierry's table, consists of values corresponding 
to milliliters of 0.01 N KMnO,, as given in our own ta- 
ble, The ordinate axis represents the glucose content in 
mg. It is obvious from this figure that the curve based 
on the data in the author's table more closely approaches 
a straight line than that based on Bierry’s data, This 
testifies to the greater accuracy of the author's table, 

The new table is more convenient to use than is 
Bierry*s, for with the help of the former it is possible to 
calculate the amount of glucose directly from the volume 
of potassium permanganate used in the titration, with- 
out first converting this value to milligrams of copper 
as required in using Bierry's table. 

It is easy to obtain intermediate values from our 
own table by interpolation, 

In using this new table of the author, 3 ml of ex- 
perimental solution are treated as in Bierry's method for 
the microdetermination of glucose [4, 8]; a 0,01 N so- 
lution of KMnO, is employed for this titration, A paral- 
lel control determination, in which the experimental so- 
lution is substituted by 3 ml of water, is carried out to 
determine the correction factor for the reduction. t 

After amending the value obtained in the experi- 
mental titration by the introduction of the correction 
factor, the volume of potassium permanganate to ten 
parts of a milliliter may be converted to the value for 


Copper, mg 
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0.01 N KMnQO,, ml 
Fig, 2, A comparative graphical repre- 
sentation of numerical data from Bierry's 
table [4] and corresponding sections of 
our own table, 1) Numerical data from 
Bierry‘s table [4]; 2) numerical data from 
our own table, 


the glucose concentration directly from the table. If 
the titration has been performed to an accuracy of one 
one-hundredth of a milliliter, it is possible to obtain a 
still more refined value for the glucose concentration of 
the solution by using supplementary tables. The propor- 
tional part value obtained from the supplementary tables 
is added to the value from the main table to give the 
exact value, 

Thus,the table devised by the author not only gives 
research workers a more accurate basis for the determi- 
nation of glucose,but enables them to carry out more 
accurate conversions of their experimental data than 
does the method proposed by Bierry in previous works, 


SUMMARY 


A more precise and more convenient table for deter- 
mination of sugars in a broader concentration range 
(from 0,06 to 13.2 mg per 3 ml solution) has been set 
up by essentially applying the Bierry micromethod for 
sugar determination. The table can be employed directly 
to calculate the amount of sugar on the basis of the 
volume of potassium permanganate used for titration. 


T In our own determinations the correction factor for the 
reduction process was equivalent to 0,14 ml of 0.01 N 
potassium permanganate, which corresponded to 0,09 mg 
of cuprous oxide, 
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Interpolation of intermediate values can easily be per- 
formed, 
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A SIMPLIFIED METHOD FOR DETERMINING THE AREA 


OF APPLE TREE LEAVES 
I. G. Fulga 


Moldavian Scientific Research Institute of Viticulture and Wine Making, Kishinev 


Translated from Fiziologiya Rastenii, Vol. 8, No, 2, 


pp. 255-257, March-April, 1961 
Original article submitted March 19, 1960 


The measurement of leaf surface area is an impor- 
tant operation in the study of morphological and biologi- 
cal characteristics of apple tree varieties, It is equally 
important in the study of many of their physiological 
processes, e.g., intensity of photosynthesis, transpiration, 
etc, Although various methods of determining leaf area 
are available for use by research workers, the majority 
of them can only be used under laboratory conditions. 

In studying the biological properties of apple tree 
varieties in relation to their productivity, we have used 
Polyakov's method [1] for measuring leaf area, The basis 
of this method is to relate the leaf form of each sort of 
apple tree to a rhombus, the diagonals of which corre- 
spond to the length and maximum breadth of the leaf in 
question. It is possible to determine the area of the rhom- 
bus by adding together the areas of its two constituent 
and equal-sized triangles, the common base of which is 
equal to the length of the rhombus diagonal, Thus, the 
area of the rhombus is equal to the product of the length 
of one of its diagonals and half the length of the other. 
For each sort of apple tree N, K. Polyakov calculated 
the factor needed to convert the area of the hypothetical 
thombus to that of an actual leaf, His method is a sim- 
ple one and can be used both in the laboratory and under 
field conditions, 

However, N. K, Polyakov only calculated the con- 
version coefficients for a relatively small number of 
apple tree varieties, In order to further our own research- 
es we set ourselves the task of determining conversion 
coefficients for groups of the main varieties of apple 
trees, in this way extending the possible application of 
Polyakov's simple technique. The conversion factor 
was determined by taking a hundred normally developed 
leaves of various sizes from a given variety of apple tree 
and drawing an outline of each leaf onmillimeter graph 
paper with a fine pencil. The actual leaf area was then 
found by counting the millimeter squares within the out- 
line. The conversion coefficient is then calculable 
from the following formula: 


where S, = leaf area calculated from millimeter graph 
paper; 
S, = area of rhombus whose diagonals correspond to 

the length and greatest width of the leaf. 

From a hundred leaves of each variety of apple tree 
the conversion coefficient could be calculated with a 
fair degree of accuracy. The mean value of the coeffi- 
cient for each variety of apple tree studied is given in 
Table 1, together with data with respect to its statistical 
significance, 


It is obvious from Table 1 that the coefficients for 
the determination of leaf area in different varieties of 
apple trees all possess a high degree of accuracy and that 
this method is, therefore, an extremely reliable one. 
Thus, the leaf area of any apple tree variety can readily 
be determined as the product of half its length along the 
mid-rib and its greatest width, multiplied by the conver- 
sion coefficient for the given variety. 

That the determination of leaf area by this coeffi- 
cient method gives reliable results may be seen from the 
data in Table 2. 

The aggregate or total area of all the leaves on a 
particular branch, scion, or on the whole tree, may be 
determined by using the following formula: 

S= (2) 
where S= total leaf area for a given shoot or tree in cm’; 
Lz= sum of length of all leaves in cm; 
Bm= mean breadth of leaves in cm; 
K= coefficient for the given variety, 

The total length (L,) is calculated by adding togeth- 
er the lengths of all the leaves, and the mean breadth 
(Br) by dividing the sum of all their breadths by the 
number of leaves, 

The formula which the author has established for 
a simplified calculation of the total area of a definite 
number of apply tree leaves is based on the fact that 
the total area of a series of triangles of the same base 
length is equal to that of a triangle of identical base 
length and of which the height is equal to the sum of 
the heights of all triangles in the series, The breadths 
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TABLE 1, Coefficients for the Determination of Leaf Area in a Series of Different Varie- 
ties of Apple Trees According to N, K, Polyakov's Method 


Variety 


Coeffi- 
cient(K) 


p 


Calville Snow 
Bellefleur Yellow 
Simirenko Renet 
Champagne Renet 
Napoleon 
London 
Winter Golden Pearmain 
Wagner's Prize 

White Rosemary 
Candille Winesap 

Sary Winesap 

Summer Saffron 


1.394 
1.368 
1.435 
1.481 
1.409 
1.384 
1.409 
1.473 
1.441 
1.339 
1.396 
1.240 


> 


mo 


TABLE 2, Comparative Values for Leaf Areas of a Series of Different Varieties of Apple 
Trees Obtained by the Two Different Methods 


Variety 


Number of 
leaves 


Leaf area, 
calculated N. K. 


Deviation, 


paper 


Pi t 
on squared Polyakov s 


Calville Snow 
Napoleon 

London Pippin 
Wagner's Prize 
White Rosemary 
Candille Winesap 
Sary Winesap 


1825.44 
2051.50 
952.75 
1784.85 
2964 . 40 
1620.40 
1631.41 


1826 .33 
2066 .65 
941.79 
1782.46 
2967 .80 
1629. 24 
1612.30 


440.05 
0.74 
—1.14 
—0.12 
40.44 
+0.56 
—1.18 


TABLE 3, Comparative Results From Calculations of Total Leaf Areas of Apple Trees 
in cm* 


Leaf areas of 
separate rosettes 


Leaf surface area 
for 100 leaves 
1 calcu 
calcu- 
tion, % lated on | lated 
squared | from for- 
Paper mula (2) 


No, of 
leaves 


in rosette 


Variety calcu- 
lated 
from for- 


mula (2) 


calcu~ 
lated on 
squared 


paper 


Calville Snow 
Simirenko Renet 
Champagne Renet 
Napoleon 
London Pippin 
Winter Golden 
Pearmain 
Wagner's Prize 
White Rosemary 
Candille Winesap 
Sary 
Summer Saffron 


294.2 

125.55 
182.85 
183.85 
140.15 


149.93 


242.35 
239.35 
166.75 
218.20 


1805.44 
1643.14 
1979.50 
2254 .39 
1415.34 


1468.20 
1938.98 
2512.24 
1687 .88 
1681.91 


1783.46 
1648.31 
1961.80 
2269.54 
1432.07 


1489.13 
1958.34 
2515.54 
1705.73 
1671.30 


284 .50 
122.66 
169.83 
173.24 
133.13 


142.28 


246.79 
251.17 
181.59 
207 .96 


c 
46- 10-3 17-10-4 
38- 10-3 52-40-4 
42-40-38 35-10-4 
50-10-38 17-10-4 
36-10-38 14-10-4 
41-10-8 |  15-10-4 
4610-8 18-10-4 
53-10-38 24-10-4 3 
38-10-3 29-10-4 
47-10-83 19-10-4 
39-10-3 23-4074 
40-10-38 30- 10-4 
100 
4 118 
97 
— | Devia- 
tion, % 
| 
13 —3.30 —1.24 
10 +0.34 
—7.10 —0.64 
9 —5.80 +0.38 
10 —3.80 +4.16 
9 5.10 +41.42 
8 +41 .82 +0.43 
14 +4.95 +41.07 } 
9 +8.90 —0.63 
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of the leaves on a single branch or shoot of any one va- 

riety of apple tree are approximately equal and the var- 
iation between them is insignificant, This fact enables 

us to use the simplified calculation described above, 

Results obtained by using formula (2) to calculate 
total leaf area for various numbers of leaves are given 
in Table 3, 

It is obvious from this table that in the majority of 
cases,by using formula (2) to calculate the total leaf 
area of different rosettes, the results do not differ by more 
than 5-6% from those results obtained from direct cal- 
culation involving millimeter squared paper, The great- 
er the number of leaves involved, the greater the ac- 
curacy of any total leaf area calculated by this method, 
Thus, for a calculation involving 100 leaves of any par- 
ticular variety, the error in determination of their total 
area using formula (2) does not exceed 1,42%, It follows, 
therefore, that the most accurate way of speedily deter- 
mining the mean area of leaves of a particular shoot, 
flowering branch or rosette is to calculate their total 
area using formula (2) and from that figure calculate 


their mean area, This procedure minimizes the amount 
of calculation required and thus saves the investigator's 
time. 


SUMMARY 

The author has described an improvement on N, K, 
Polyakov's method for determining leaf area which can 
be applied to biological and physiological investigations 
of a great many varieties of apple trees, 

This improved method should find wide application 
in the determination of leaf areas,not only for apple 
trees, but also for pear trees, cherry trees, bird-cherry 
trees and, in fact, any tree having leaves of a similar 
shape, 
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BOOK REVIEW 


PHYSIOLOGY OF DROUGHT-RESISTANT WOODY PLANTS 


OF THE APSHERON 


B. Z. Guseinov 


Azerb. SSR Academy of Sciences Press, Baku, 1960 


Reviewed by S. A. Alekperov 


Translated from Fiziologiya Rastenii, Vol. 8, No, 2, 


pp. 258-259, March-April, 1961 


Professor B, Z, Guseinov, Doctor of Biological Sci- 
ence, has produced a monograph in the Azerbaidzhan 
language entitled "Physiology of Drought-Resistant Woody 
Plants of the Apsheron.” 

A study of the physiology of drought-resistant plants 
is particularly important under the conditions prevailing 
in the Apsheron, where the climate is characterized by 
a high air temperature in summer, extremely scanty pre- 
cipitation during the vegetative period, almost complete 
absence of rain in summer, together with frequent high 
winds which often reach gale force, All these factors 
have a marked effect on the nature and distribution of 
the vegetation in this region, 

A study of the physiological characteristics of 
drought-resistant shrubs and trees is particularly impor- 
tant at the present time when schemes are afoot for af- 
forestation of aridregions with a view to increasing their 
fertility, Knowledge of these characteristics makes it 
possible to recommend the most markedly xerophilous 
and long-lived trees and shrubs for this purpose, 

Furthermore, a study of these problems enables sci- 
entists to gain a deeper appreciation of what is involved 
in the phenomenon of drought itself, and to understand 
more clearly the relationships between plants and their 
environment, particularly those development character- 
istics which enable xerophilous plants to withstand arid 
conditions, 

The author of this monograph has undertaken a many- 
sided study of the physiological processes in drought - 
resistant shrubs and trees, This many-sided approach is 
necessitated by the fact that it is impossible to judge 
drought resistance in plants on the grounds of a single 
characteristic, as different plants utilize different defense 
mechanisms in their struggle against drought. 

Professor Guseinov’s monograph is divided into three 
parts, He has studied the water economy of a very large 
number of plants and this book is the outcome of his own 
particular researches into root systems of drought-resist- 
ant plants, for he has been able to show that the root sys- 
tem plays a very important part in drought resistance, 

B, Z, Guseinov has sought to study those internal 
physiological and biochemical properties of desert plants 
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which render them able to withstand the adverse condi- 
tions of drought and excessive heat. In addition, he has 
carried out investigations into the anatomy of such plants, 
He has also examined the rate of accumulation of organic 
material and the rhythm of growth in woody plants grow- 
ing under various conditions of soil humidity and has thus 
made a comparative determination of the resistance of 
different species to dry soils and high temperatures, 

In this monograph great importance is attached to 
studying the effects of fertilizers on the growth rate and 
the dry weight increase of different trees and bushes 
growing under various conditions of soil humidity. 

Considering that the author's investigations were 
carried out on 12 species of tree and three species of 
shrub growing under both irrigated and non-irrigated 
background conditions and that both seasonal and daily 
variations in their metabolism were recorded, it is obvi- 
ous that he has expended an enormous amount of labor 
in completing this monograph. 

Professor Guseinov has described many active adap- 
tations shown by woody plant species to conditions of 
low soil and atmospheric humidity, Both their water 
economy regime and their metabolism are concerned in 
these adaptations, He has demonstrated conclusively 
that the onset of drought conditions is accompanied by 
a marked diminution in the transpiration rate of all 
woody plants, In many of the species investigated it 
was not possible to demonstrate any depression in the 
synthesizing capacity of their enzymes concerned in 
carbohydrate and protein metabolism, under drought 
conditions, One important adaptation which these 
drought-resistant species manifested was their capacity 
to bring about a considerable increase in the ability of 
their colloids to take up and hold water (hydrophilic 
capacity) and to increase the viscosity and concentration 
of their cell sap with a concomitant lowering of the pro- 
toplasmic permeability. 

Those plants which as seedlings and juveniles were 
raised under conditions of insufficient moisture appear to 
exhibit greater drought resistance under extremely arid 
conditions than do others which received more water 
when young, 
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B, Z. Guseinov has made a study of the water re- 
gime of various trees and bushes and compared their 
hardiness under arid conditions, As a result of this, he 
has found that plants fall into three groups in the way in 
which they adapt themselves to drought. 

The author has established that different kinds of 
organic and mineral fertilizers increase the resistance 
of trees and shrubs to drought conditions, Phosphates 
and mixtures of phosphatic and nitrogenous fertilizers 
were shown to have a positive effect in increasing the 
drought resistance of woody plants, The addition of 
manganese to mixtures of the major nutritional elements 
required by plants appeared to have a positive effect 
in promoting dry weight increase of both shrubs and 
roots, The findings of Guseinov in relation to the posi- 
tive effect of phosphatic fertilizers in bringing about in- 
creased drought resistance in woody plants are open to 
doubt, as the only phosphatic fertilizer used by him was 
potassium phosphate, It is, therefore, impossible to 
separate the effects of the phosphate and potassium ions, 
However, it has been previously recorded in the litera- 
ture that phosphatic fertilizers promote an increase of 
drought resistance in woody plants and it is therefore rea- 
sonable to suppose that this also occurred in Guseinov's 


experiments, Furthermore, one can agree with Guseinov's 


conclusions that the inorganic fertilizers which are most 
effective in promoting drought resistance are those which 
have a positive influence in encouraging growth of the 
root system, 

The author has further shown that mulching of the 
soil beneath woody plants assists the action of the clay 


in retaining water in dry soils and this brings about an 
improvement in the growth of plants growing there. 

The reviewer feels compelled to draw attention to 
a series of important ommissions from this monograph. 
In studying the water regime and drought resistance of 
trees and shrubs growing in irrigated and non-irrigated 
soils, the author has not paid any regard to the moisture 
deficit of the plants, nor has he given any indication of 
the number of irrigations the plants received, nor estab- 
lished any norms, Furthermore, although it was his in- 
tention to study the main metabolic pathways of woody 
plants in relationship to their capacity to withstand 
drought, he has not included in this program any work 
on the respiratory activities of the plants concerned, 
despite the fact that respiration plays an important role 
in the metabolic activities of plants, particularly under 
unfavorable environmental conditions, Certain of the 
figures in this monograph are not clear, due to the print- 
ing being too pale. However, despite these shortcomings 
B, Z. Guseinov’s monograph is of considerable merit, 

Now, as never before, this country requires investi- 
gators to study the characteristics of plants under the 
actual conditions prevailing in a given region or repub- 
lic, The monograph of B, Z, Guseinov is an answer to 
this great need, It will be used not only by the research 
scientist but by the practical man-— the agronomist or 
engineer actually engaged in vegetational conservation, 
who will find in it much that meets his particular needs, 

Without doubt, the publication of B. Z. Guseinov's 
book is an important event and its author's findings will con- 
tribute greatly to the general economy of Azerbaidzhan. 
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CURRENT EVENTS 


CONFERENCE ON THE PHYSIOLOGY OF PLANT DEVELOPMENT 
HELD IN CZECHOSLOVAKIA (RESUME OF PROCEEDINGS) 


A. S. Kruzhilin and Z. M. Shvedskaya 


Translated from Fiziologiya Rastenii, Vol, 8, No, 2, 


pp. 260-261, March-April, 1961 


A Conference on the Physiology of Development in 
Cultivated Plants was held in Prague September 26-29, 
1960, This conference was attended by specialists in this 
field from Czechoslovakia, USSR, Germany, Hungary, 
Poland, Bulgaria and France, The aim of the meeting 
was to exchange research information and experience 
relating to the study of development physiology in agri- 
cultural plants, 

Twenty-nine papers were presented at the confer- 
ence; among them were seven by Soviet delegates, 
Topics treated in these communications included vernal - 
ization, photoperiodism, morphogenesis and development 
of spring and winter cereals, biennial culture of cereals, 
morphogenesis and development of perennial grasses, 
decorative and fruit-bearing plants, together with bio- 
chemical studies of these phenomena, 

The first group of papers were concerned with the 
nature and characteristics of vernalization phenomena 
in winter crop plants and biennials, Communications by 
Ya, Krekule (Czechoslovakia), Kruzhilin and Shvedskaya 
(USSR), Pavlov (Bulgaria), Raika (Hungary) and others 
belonged to this category, From these papers and the 
discussion following them, it was apparent that the ver- 
nalization of plants took place more rapidly than that 
of seeds, The vernalization process is related not to the 
age status of the plant but to the attainment of a neces- 
sary minimum level of leaf surface and the presence of 
nodal branching. In the absence of leaves, vernalization 
is either inhibited completely or greatly retarded, Sup- 
plementary feeding with sugars speeds up the vernaliza- 
tion process, 

A correlation was observed between developmental 
processes and the role of the individual plant organs, Thus, 
in biennials and winter crop plants vernalization does not 
usually take place in the absence of leaves and food 
storage organs, but the process appears to be independent 
of the root system providing that differentiation of the 
growing point takes place at low temperatures (cabbage 
and onions), 

Academician Dostal" of the Czechoslovakian Acade- 
my of Sciences (the author of the interesting book , "The 
Plant as a Whole Organism ," 1959) showed that on re- 
moval of the root system from a plant, regeneration of 
that organ was only possible from that side of the stem 
which retained its leaves, Bud scales were shown to exert 
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an influence on the development of leaves, Prior expo- 
sure of winter crop plants to short-day illumination 
speeds up their vernalization (Maton —France— and other 
workers), a phenomenon which has been noted previous- 
ly by Razumon, This phenonenon does not occur in 
biennial plants, 

If winter cereals have developed vigorous leaves 
and exhibit nodal proliferation before vernalization, 
then they pass through the light stage or short-day illu- 
mination with equal success, Vernalization of winter 
cereals is completed during the autumn in all latitudes 
of the European continent, This means that differentia- 
tion and growth of such cereals may occur during a period 
of winter thaw, even though the days are short, with pos- 
sible destruction of the plants on the resumption of more 
severe weather conditions, 

The conference proceeded to propose the following 
question: As retarded growth occurs during the process 
of vernalization, is it possible that such growth acceler- 
ates vernalization,and how do we distinguish the process 
of vernalization from that of growth? However, no sat- 
isfactory answer could be given to this question, 

Various members contributed data on the part play- 
ed by gibberellins in vernalization, Some contributors 
(Augusten and others) suggested that the role of these 
substances had been exaggerated, while others (Krekule, 
Dostal*, etc.) considered that their effect was non-specific. 
Gibberellins accelerate the process of vernalization in 
winter cereals,but they do not entirely eliminate it. 
Junges (German Democratic Republic) criticized current 
ideas regarding the ecological nature of photoperiodism 
and vernalization, However, this author did not produce 
any conclusive evidence in favor of his ideas which were 
not, therefore, substantiated, A series of papers dealt 
with the need for a change of state in southernplants dur- 
ing the process of their adaptation to northern conditions 
(acclimatization), 

The following contributions were concerned with the 
process of morphogenesis in annual and winter crop plants 
in relation to their passage through the light-stage and 
subsequent stages of development: Papers by Kuperman 
and co-workers (USSR), Madzhirova (Bulgaria), Saidlova 
(Czechoslovakia),etc, In these papers and the discussions 
following them it was pointed out that differentiation 
at the apical meristems and subsequent organogenesis 
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were closely connected with events taking place during 
the light-stage and subsequent stages of development. 
Only in cabbages and members of the genus Allium 
(according to these contributors) was it found that dif- 
ferentiation of buds occurred at the end of the vernali- 
zation period. During the light-stage of development 
the nature of bud differentiation is determined by day 
length, whereas in subsequent stages it is mainly deter- 
mined by the quality of light. These later stages, in 
which the pigments play an important part, have been 
termed “spectro-stages” by Struno, Thus differentiation 
atapical meristems in long-day annual plants only be- 
gins during conditions of long-day illumination; subse- 
quent stages of organogenesis take place almost simul- 
taneously under long-day conditions, independently of 
the nature of the light. Under short-day conditions, 
organogenesis is retarded by white light and by the red 
part of the spectrum; it is partially retarded by blue light 
and strongly retarded by green, Conversely, in short-day 
plants, the process of organogenesis occurs most rapidly 
under conditions of short-day illumination, especially in 
the blue part of the spectrum, Long-day illumination 
has a marked retarding effect on the apical differentia - 
tion of such plants, 

Much information was given on means of regulating 
the mineral nutrition and water regime of plants in their 
various developmental stages so as to influence their 
productivity. 

The last group of papers dealt with an analysis of 
the physiological and biochemical processes involved in 
vernalization, transitional stages and organogenesis. 
These include contributions by Kruzhilin and Shvedskaya 
(USSR), Gunther (German Democratic Republic), Krekule 
and Tel'cherova (Czechoslovakia) and others, 

Kruzhilin and Shvedskaya, from their analyses of 
apical meristems demonstrated that the process of ver- 
nalization was influenced to a considerable extent by 
carbohydrate metabolism (especially sugar metabolism), 
but during the light-stage, protein and nitrogen metabo- 
lism assumed the leading role in this respect. This was 
in agreement with the results reported by Tel'cherova. 
On the basis of their results, Kruzhilin and Shvedskaya 
formulated a hypothesis regarding the sequence of met- 
abolic changes which take place during the various de- 
velopmental] stages of the plant under the influence of 
different natural and artificial environmental factors, 
The primary phase of development is characterized by 
the accumulation of metabolites in the organs of photo- 
synthesis and in storage organs; these substances are later 
translocated to the growing points. 

Gunther (German Democratic Republic) carried out 
analyses of oxidases and showed that during the vernali- 


zation process the cytochrome oxidase activity of winter 
wheat seed was low, as compared with corresponding 
values for summer wheat, On the other hand,the activity 
of ascorbic oxidase under the same conditions was high; 
facts which had previously been established by Acade- 
mician Sisakyan in 1953, However, Gunther found this 
relationship to hold only in fully turgid seeds, In seeds 
where the process of vernalization involved suppression 
of growth processes by regulation of water regime, no 
difference in the enzyme activity of winter and summer 
wheats could be demonstrated, Gunther came to the 
conclusion, therefore, that oxidase activity was related 
to growth and not to vernalization and that the two ox~- 
idase enzymes could not be described as characteristic 

of vernalization process, This author produced similar 
data relating to the inhibition of vernalization, However, 
he used turgid seeds which, in any case, are not very re- 
liable for vernalization experiments, Furthermore,he 

did not run controls for his germination experiments 
during the warm period, 

Krekule (Czechoslovakia) employed inhibitors for 
his research on the problem of vernalization in plants 
and demonstrated essential differences between the res- 
piration of winter and summer cereal seeds, Analogous 
experiments conducted by Z. M. Shvedskaya have dem- 
onstrated the value of inhibitors in studying vernaliza - 
tion processes in biennial plants, 

This group of papers included accounts of biochem- 
ical changes in the vegetative and flower buds of woody 
plants (Khvoika, Gorzhavka,and others — Czechoslovakia), 

Contributions in this section included some dealing 
with the role of gibberellins and other growth -stimulating 
substances in vernalization, Augusten (German Demo- 
cratic Republic) has shown that cold and gibberellins 
produce a different effect on the catalase activity of 
plants undergoing vernalization, The influence of these 
two factors on other processes,e.g., carbohydrate metabo- 
lism,etc,,is, however, identical, This confirms the im- 
portance of such metabolic processes in relation to the 
phenomenon of vernalization, All the contributors in 
this field stressed the need for increased study of the 
activity of plant meristems, 

In conclusion, this conference demonstrated that 
the majority of its members were influenced by the 
theory of phased development, 

At the end of the conference,recommendations were 
considered relating to the improvement of plants for use 
in agriculture, also questions of methodology and the 
possibility of co-ordinating future investigations in this 
field. 
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THE NINETIETH ANNIVERSARY 
OF CORRESPONDING MEMBER AN SSSR 
LEONID ALEKSANDROVICH IVANOV 


The ninetieth birthday of L, A, Ivanov, Correspond- 
ing Member of the USSR Academy of Sciences, occurred 
on the 25th of February, 1961, 

Leonid Aleksandrovich Ivanov is the oldest Russian 
plant physiologist and his scientific activities cover al- 
most three quarters of a century, He began his researches 
at the end of last century at a time when the study of 
phytophysiology in Russia was in its infancy, and thus has 
both witnessed and participated in the unprecedented 
growth and expansion which has taken place in this field 
of study in post-revolutionary times. 

The adoption of new techniques during the present 
decade has meant that much previous research in plant 
physiology is of little more than histroical significance, 
It may therefore surprise many of us to learn that the 
work of Leonid Aleksandrovich Ivanov, like that of his 
teacher,Kliment Arkad*evich Timiryazev, is still the 
basis of much contemporary research, 

The scientific activities of Leonid Aleksandrovich 
Ivanov are extraordinarily diverse, On completing his 
plant physiological studies at Moscow University, he 
came under the influence of the botanist I, N, Gorazhan- 
kin, His initial research and the topic of a thesis for a 
master’s degree fell within the field of algology. He 
also devoted sometime to describing the floras of higher 
plants and their historical development in a series of 
different localities, Even as a relatively inexperienced 
research worker, he revealed both a striking originality 
and fundamental grasp of the implications of his find- 
ings. These characteristics remain a constant feature 
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of the whole of his scientific activities, The period dur- 
ing which L, A, Ivanov was a pure botanist did not last 
long. His change to plant physiology coincided with 

his transfer to the Institute of Forestry, Here, Leonid 
Aleksandrovich turned his attention to the study of the 
phosphate and protein metabolism of plants and carried 
out certain fundamental investigations in this field, The 
most important of his findings was that published in 1912, 
when he demonstrated that the phosphorylation of sugars 
is a necessary prerequisite to their respiration or fermen- 
tation, The first phosphate ester to be described by him 
was fructose -1, 6-diphosphate, a substance to which the 
name "Harden-Young ester” had previously been given. 


At the Institute of Forestry — which after the Revo- 
lution was reorganized as the Academy of Forest Tech- 
nology — Leonid Aleksandrovich spent 50 years of his 
working life. During that time the direction of his re- 
searches gradually changed in relation to the demands 
of the timber producing industry, He devoted more and 
more of his time to the study of the anatomy and phys- 
iology of woody plants and founded the first school of 
tree physiology with strong leanings toward ecological 
physiology. Throughout all his researches he aimed at 
investigating plants in their natural surroundings, The 
great importance of L, A, Ivanov's work for science as 
a whole and for our native timber production in partic- 
ular was recognized by his election as Corresponding 
Member of the USSR Academy of Sciences, 

At the Academy of Forest Technology, Leonid Alek- 
sandrovich carried out important investigations into resin 
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formation by coniferous trees, a piece of research having 
great importance in relation to Soviet timber production, 
He initiated a method for the determination of transpira- 
tion intensities under natural conditions and devised 
methods for the determination of physiological radiation 
and the intensity of photosynthesis in trees, 

In 1944, Leonid Aleksandrovich transferred from 
Leningrad to Moscow and worked on photosynthesis at 
the Institute of Plant Physiology, His research work and 
scientific activity at the Academy of Forest Technology 
and Institute of Plant Physiology have already been ade- 
quately described and fully appraised in articles by N,L. 
Kossovich [1961] and P, A, Genkel'[1956], It is the in- 
tention of the author, therefore, to confine himself to 
an account of the second phase of L, A, Ivanov's scien- 
tific activities, when,after the reorganization of the 
Forestry Institute of the USSR Academy of Sciences, 
Leonid Aleksandrovich established new laboratories for 
the study of tree physiology and forest ecology. 

The Forestry Institute, which speedily arranged var- 
ious expeditionary projects for the cultivation of useful 
timbers, was founded by Academician V. N, Sukachev 
and developed on completely new principles, Within 
the Institute, Sukachev set up laboratories representa - 
tive of the various branches of biological science applic - 
able to forestry, e.g., geobotany, sylviculture, pedology, 
microbiology,etc, The purpose of the Institute was to 
study trees both as individual plants and as units of a 
community, and this demanded the carrying out of com- 
plex investigations in which the activities of various 
specialists were carefully co-ordinated. There was a 
particular need for the co-ordination and correlation of 
the activities of specialists working in the widely sepa- 
rated field stations which had been set up by the Insti- 
tute in the various forest zones ranging from the semi- 
desert zone to the taiga, This co-ordination was carried 
out by Leonid Aleksandrovich with conspicuous success, 

When he began this work of co-ordination within 
the Forestry Institute,Leonid Aleksandrovich was nearly 
80,but he brought his characteristic tenacity and energy 
to the task of organizing the laboratory in order to a- 
chieve the aims set before him. 

During the period of his research at the Academy 
of Forestry Technology L, A, Ivanov's ecological work 
was of outstanding merit, but in the Forestry Institute he 
was able to expand and develop the ecological side of 
his research still further, He continued his development 
of techniques for field determinations of the transpira- 
tion and photosynthesis,and in 1950, he and his collabora- 
tors published an article describing a new method for 
measuring transpiration, This article clearly indicates 
Leonid Aleksandrovich's characteristic trait, a rigorous 
criticism of his own investigations, Even after the pub- 
lication of this paper dealing with transpiration determi- 
nation, he returned time and again to the general prob- 
lem and the results he himself obtained, carefully check- 


ing the figures and considering the validity of each stage 
in his technique, 

In devising new techniques for field determinations, 
he amassed a large amount of data on the transpiration 
of plants under natural conditions, data which for the 
first time enabled scientists to make an indirect assess- 
ment of the moisture requirements of forest trees. This 
data was particularly relevant to the projected afforest- 
ation of considerable areas of the arid parts of South- 
eastern European USSR, “At the present time," L. A, 
Ivanov stated at the grand meeting of scientists assem- 
bled to commemorate his 80th birthday in 1951, “the 
practice of forestry has before it a task which can only 
be accomplished on the basis of a full scientific under- 
standing of the vital needs of the tree itself, The road 
along which I have travelled for the past 35 years has 
been a broad one, and the satisfaction I have gained 
from travelling along it has been commensurate with its 
breadth ." 

The application of new techniques, elaborated in 
Leonid Aleksandrovich'‘s laboratory, to find measurements 
of transpiration in the various climatic zones of the 
Soviet Union has yielded a large amount of data, This 
data relates to the forest zone of Moscow, Leningrad and 
Vologod regions, theforest-steppe at Tellerman, the 
steppe zone at Derkyl" and Belye reservoirs and the semi- 
steppe at Dzanybek, By virtue of this data, it is possible 
to attempt an analysis of the relationships between tran- 
spiration intensity and external factors in many tree 
species, Such an analysis is only possible by means of 
the statistical treatment of a considerable wealth of 
data, for in the field (in contrast to laboratory experi- 
ments) one is dealing with a large number of constantly 
changing variables, 

It was found that when the temperature was high, 
with both soil and air humidity low, the transpiration 
intensity dropped, L, A, Ivanov attributed this to an in- 
crease in transpiration resistance (Ivanov’s own terminol- 
ogy), which depends on the amount of water in the leaves 
and on environmental conditions, This hypothesis has 
been confirmed by experiments in which leaves have 
been artificially heated, 

In addition to devising rapid-weighing methods for 
the determination of the transpiration intensity of intact 
trees, L, A, Ivanov also evolved actinometric methods 
for the determination of their water relations, The com- 
plex of the research carried out at the various field sta- 
tions, together with data accumulated by other special - 
ists,e.g., pedologists, meteorologists, hydrologists,etc,, 
enabled him to estimate the water balance of afforested 
areas and thus evaluate the role of trees in the hydrolog- 
ical economy of different zones, 

It was possible to show that in northern latitudes 
forest areas dissipate more water from the soil into the 
atmosphere than do non-afforested areas and their pres- 
ence, therefore, favors evaporation of water from the soil, 
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In southern latitudes, under conditions of inadequate rain- 
fall, the transpiration intensity of trees is greatly reduced 
and this enables them to survive in arid regions, The 
limit to which the transpiration rate can be cut down 
without damage to the tree has been determined for dif- 
ferent regions of the Soviet Union and the results com- 
pared with the water balance for the various territories. 
This has enabled tree physiologists to determine the 
southernmost limits for the possible mass plantings of 
trees, 

The researches of L, A, Ivanov into problems of 
transpiration have gained him wide renown within the 
Soviet Union. Among ecologists studying grassland and 
forest coenoses, among selectionists and agronomists and 
all who are carrying out research using transpiration 
techniques,L, A, Ivanov occupies a pre-eminent posi- 
tion, In his laboratory, in addition to the groups of scien- 
tists mentioned above, there are research workers inves- 
tigating problems of photosynthesis in woody plants from 
the various forest zones of the USSR. 

As early as 1941, L, A, Ivanov had accomplished a 
preliminary analysis of the relationship between the in- 
tensity and productivity of photosynthesis and evolved a 
formula for plant yield on the basis of this relationship. 
His work on photosynthesis, carried out in association with 
his collaborators at the Forestry Institute, resulted in 
physiologists being able to estimate quantitatively the 
production of organic materials by woody plants in dif- 
ferent zones,and thus be able to separate the amounts of 
organic material dissipated in respiration from that used 
in the formation of leaves and in the general growth of 
the whole tree, 

His work on the estimation of physiological radia- 
tion in forest trees is also of considerable importance, 
During this period L, A, Ivanov completed his work on 
experimental methods for the measurement of physio- 
logical radiation with the aid of a graduated photometer, 
In order to determine the light intensity which was being 
absorbed by chlorophyll, he made use of the fluorescence 
of this substance when exposed to light. As in the case 
of all techniques evolved by Leonid Aleksandrovich, this 
technique is characterized by its extreme simplicity and 
the lack of any need for expensive equipment, It has, 
therefore, been adopted by a large number of research 
workers in all corners of the Soviet Union. 

L, A, Ivanov was extremely successful in training 
groups of specialists, His research projects were always 
carefully thought out and possessed great theoretical and 
practical significance, One of his most interesting proj- 
ects was an investigation into the question of trees dying 
in the winter, As a result of research into this problem, 
it was shown that the death of woody plants was not due 
to the dessicating action of winter weather on plant shoots, 
as many investigators had supposed and as Leonid Alek- 


sandrovich himself had at one time supposed, but to some 
other factor, 

A further project involved an investigation into the 
physiological anatomy of the terminal roots of woody 
plants, L, A, Ivanov concerned himself with this partic- 
ular problem as early as 1916, but the greater part of 
his results remained unpublished, as he did not consider 
them sufficiently conclusive, It was not until 35 years 
later when new data — which confirmed his earlier find - 
ings — was obtained that he published an account of this 
particular piece of research. 

It is evident, therefore, that the years between 75 
and 90 have been an extremely fruitful period of L. A, 
Ivanov’s life, During this time Leonid Aleksandrovich 
has successfully developed and completed much work 
which he began in his earlier years, It has been a period 
of particular success in developing a wide complex of 
investigations, the result of which have been of indirect 
value in the organization of natural economy in the var- 
ious zones of the Soviet Union, Without such a man 
as L, A, Ivanov, these systematic investigations of an 
ecological-physiological nature in the various climatic 
zones of the USSR would never have been carried out. 
Ivanov has always pursued his own original line of scien- 
tific research,and with the passage of time the field of 
application of his results has gradually become broader 
and broader, 

Despite his great age, Leonid Aleksandrovich retains 
his interest in the future development of plant physiology. 
Even now he is still an active member of the editorial 
board of the journal “Plant Physiology." 

Leonid Aleksandrovich is an outstanding example of 
a high-caliber Russian scientist, a man of extremely 
wide learning and of great general culture, Unusual 
scientific ability and enthusiasm, meticulous care in his 
own work and exacting requirements from his fellows, © 
a strong sense of justice and responsibility, together with 
a firm desire to serve his native country: these are among 
the personal attributes of this great man, 

It is our hope that the example of Leonid Aleksand- 
rovich Ivanov shall continue to inspire many more gen- 
erations of plant physiologists and that the cause of tree 
physiology to which he has given so many years of his 
life shall enjoy a great future. 


LITERATURE CITED 
P, A, Genkel’, Fiziol. Rast. 3, 292 (1956), 
N. L, Kossovich, Leonid Aleksandrovich Ivanov (Qn the 
90th Anniversary of his Birth), Sb. posvyashch, 90+ 
letnyu L, A, Ivanova, Tr, Labor, lesovedeniya. 


Yu. L. Tsel’niker 


Translated from Fiziologiya Rastenii, Vol. 8, 
No. 2, pp. 262-264, March-April, 1961 
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ABBREVIATIONS MOST FREQUENTLY ENCOUNTERED 
IN RUSSIAN BIO-SCIENCES LITERATURE 


Abbreviation 
(Transliterated) 


AMN_ SSSR 
AN SSSR 
BIN 

FTI 
GONTI 
GOST 
GRRRI 
GTTI 
GU 
IKhN 
IL (IIL) 
IONKh 
IP 

ISN (Izd. Sov. Nauk) 
Izd. 
LEM 
LENDVI 
LEO 
LIKhT 
LIPZ 
LIPK 
Medgiz 
MOPISh 
MVI 
MZdrav 
MZI 
LOKhO 
NIIZ 
NINKhI 
NIU 
NIUIF 
NIVI 
ONTI 
OTI 
RBO 
ROP 
SANIIRI 
SANIISh 
TsNII 
TsNTL 
VASKhNIL 
VIG 
VIEM 
VIR 
VIUAA 
VIZR 
VNIRO 
ZIN 


Note: Abbreviations not on this list and not explained in the translation have been transliterated, no further 


Significance 


Academy of Medical Sciences, USSR 

Academy of Sciences, USSR 

Biological Institute, Botanical Institute 

Institute of Physiotherapy 

State United Sci.-Tech, Press 

All-Union State Standard 

State Roentgenology, Radiology, and Cancer Institute 
State Technical and Theoretical Literature Press 
State University 

Scientific Research Institute of Surgical Neuropathology 
F oreign Literature Press 

Inst. Gen. and Inorganic Chemistry (N. S. Kurnakov) 
Soil Science Inst. (Acad. Sci. USSR) 

Soviet Science Press 

Press 

Laboratory for Experimental Morphogenesis 

Leningrad Inst. of Dermatology and Venereology 
Laboratory of Experimental Zoology 

Leningrad Surgical Institute for Tuberculosis and Bone and Joint Diseases 
Leningrad Inst. for Study of Occupational Diseases 
Leningrad Blood Transfusion Institute 

State Medical Literature Press 

Moscow Society of Apiculture and Sericulture 
Moscow Veterinary Institute 

Ministry of Health 

Moscow Zootechnical Institute 

Leningrad Society of Orthopedic Surgeons 

Scientific Research Institute of Zoology 

Scientific Research Institute of Neurosurgery 
Scientific Institute for F ertilizers 

Scientific Research Institute of Fertilizers and Insecticides 
Veterinary Scientific Research Institute 

United Sci.-Tech, Press 

Division of Technical Information 

Russian Botanical Society 

Russian Society of Pathologists 

Central Asia Scientific Research Institute of Irrigation 
Central Asia Scientific Research Institute of Sericulture 
All-Union Central Scientific Research Institute 
Central Scientific and Technical Laboratory 
All-Union Academy of Agricultural Sciences 
All-Union Institute of Helminthology 

All-Union Institute of Experimental Medicine 
All-Union Institute of Plant Cultivation 


All-Union Institute of Fertilizers, Soil Science, and Agricultural Engineering 


All-Union Institute of Medical and Pharmaceutical Herbs 
All-Union Scientific Institute of Fishing and Oceanography 
Zoological Inst. (Acad, Sci. USSR) 


information about their significance being available to us, ~ Publisher, 
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AIBS Russian Monograph Translations 


The AIBS is in the process of expanding its Russian Translations Program extensively. Funds to sub- 
sidize translation and publication of important Russian literature in biology have been obtained from 
the National Science Foundation, as part of a larger program to encourage the exchange of scientific 
information between the two countries. The following monographs have been published: 


Origins of Angiospermous Plants. By A. L. Takhtajan. 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin. 
68 pp. $3.00, individua!s and industrial libraries (U.S.A. and Canada) ; 
$2.00, AIBS members and all other libraries; $.50 additional, foreign. 


Essays on the Evolutionary Morphology of Plants. By A. L. Takhtajan. 
Edited by G. Ledyard Stebbins. Translated by Olga H. Gankin. 


144 pp. $5.00, individuals and industrial libraries (U.S.A. and Canada) ; 
$4.00, AIBS members and all other libraries; $.50 additional, foreign. 


Problems in the Classification of Antagonists of Actinomycetes. By GC. F. Gause. 
Edited by David Gottlieb. Translated by Fritz Danga. 


$5.00, individuals and industrial libraries (U.S.A. and Canada) ; 
$4.00, AIBS members and all other libraries; $.50 additional, foreign. 


Arachnida. Vol. IV, No. 2. Fauna of the U.S.S.R. By B. I. Pomeranizev. 
Edited by George Anastos. Translated by Alena Elbl. 


$10.00, individuals and industrial libraries (U.S.A. and Canada) ; 
$9.00, AIBS members and all other libraries; $1.00 additional, foreign. 


Arachnoidea. Vol. VI, No. 1. Fauna of the U.S.S.R. By A. A. Zachvatkin. 
Translated and edited by A. Ratcliffe and A. M. Hughes. 


$10.00, individuals and industrial libraries (U.S.A. and Canada) ; 
$9.00, AIBS members and all other libraries; $1.00 additional, foreign. 


Marine Biology. Vol. XX, Trudy Institute of Oceanclogy. Edited by B. N. Nikitin. 
$10.00, individuals and industrial libraries (U.S.A. and Canada) ; 
$7.50, AIBS members and all other libraries; $1.00 additional, foreign. 


Plants and X-rays. By L. P. Breslavets. 
Editor of English edition: Arnold H. Sparrow. 


$5.00, individuals and industrial libraries (U.S.A. and Canada) ; 
$4.00, AIBS members and all other libraries; $.50 additional, foreign. 
Wintering of Plants. By /. M. Vasiliev. 
Editor of English edition: Jacob Levitt. 


$9.00, individuals and industrial libraries (U.S.A. and Canada) ; 
$8.00, AIBS members and all other libraries; $.50 additional, foreign 


All orders and subscriptions should be placed with: 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P St., N.W. Washington 6, D. C. 
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A chance to compare and utilize....... 
ENGLISH TRANSLATIONS OF RUSSIAN BIOLOGICAL JOURNALS 


The American Institute of Biological Sciences, under a grant from the National Science Foundation, 
is currently translating and publishing the following seven Russian research journals in biology. 


DOKLADY 
BIOLOGICAL SCIENCES SECTIONS 


Dr. Charles C. Davis, Advisory Editor 


6 issues per year. First issues published: 1957, 
Vols, 112-117. Current issues published: 1961, 
Vols. 136-141. 


This is a translation of all papers in the Biological Sciences Sections of the 
Proceedings of the Academy of Sciences of the USSR. It includes sections in many 
areas of biology, among which are the following: biophysics, cytology, embry- 
ology, experimental morphology, genetics, histology, hydrobiology, microbiology, 
morphology, physiology, and zoology. 


YEARLY SUBSCRIPTIONS: $20.00, individuals and industrial libraries (US. & Can.); 
$15.00, AIBS members and all other libraries; $2.50 additional to each price, foreign. 
SINGLE COPIES: $4.00. 


DOKLADY 
BOTANICAL SCIENCES SECTIONS 
Dr. Helen P. Sorokin, Advisory Editor 
6 issues per year. First issues published: 1957, 
Vols. 112-117. Current issues published: 1961, 
Vols. 136-141. 


This journal is a translation of all papers in the Botanical Sciences Sections of 
the Proceedings of the Academy of Sciences of the USSR. It includes sections on 
botany, plant anatomy, plant embryology, plant morphology, and plant physiology. 


YEARLY SUBSCRIPTIONS: $7.50, individuals and industrial libraries (US. & Can.); 
$5.75, AIBS members and all other libraries; $1.50 additional to each price, foreign. 
SINGLE COPIES: $1.50. 


DOKLADY 
BIOCHEMISTRY SECTION 


Dr. Jakob A. Stekol, Advisory Editor 


6 issues per year. First issues published; 1957, 
Vols. 112-117, Current issues published: 1961, 
Vols. 136-141. 


This is a translation of all papers in the Biochemistry Section of the Proceedings 
of the Academy of Sciences of the USSR. These papers deal with all phases of 
the chemietry of plant and animal life, at both the biological and physiological 
levels. This Ceecislation contains a list of abbreviations most frequently encoun- 
tered in Russian Bio-sciences literature, as well as a reference list of Russian 
journals that are frequently cited. 


YEARLY SUBSCRIPTIONS: $15.00, individuals and industrial libraries (US. & Can.); 
$10.00, AIBS members and all other libraries; $3.00 additional to each price, foreign. 
SINGLE COPIES: $4.50. 


PLANT PHYSIOLOGY 
(FIZIOLOGIYA RASTENII) 


Dr. Arthur W. Galston, Advisory Editor 


Dr. Bruce A. Bonner, Asst. Advisory Ed. 


6 issues per year. First issues published: 1957, 
Vol. 4, Nos. 1-6. Current issues published: 
1961, Vol. 7, Nos. 1-6. 


This journal publishes original studies of an experimental nature on various 
problems of the physiology of plants, reviews, critical articles, and discussions 
of major problems in this field. It has special sections dealing with methods of 
experimental research and the application of finished scientific research to current 
agricultural practice. 


YEARLY SUBSCRIPTIONS: $15.00, individuals and industrial libraries (U.S. & Can.); 
$11.00, AIBS members and all other libraries; $2.00 additional to each price, foreign. 
SINGLE COPIES: $3.00. 


MICROBIOLOGY 
(MIKROBIOLOGIY A) 


Dr. J. R. Porter, Advisory Editor 


6 issues per year. First issues published; 1957, 


Vol. 26, Nos. 1-6. Current issues published: 
1961, Vol. 30, Nos. 1-6. 


This journal deals with problems of general microbiology (systematics, mor- 

phology, physiology, and variability of microorganisms), agricultural microbi- 

ology (microbiology of soils and fodder crops, bacterial fertilizers), technical 

microbiology, the microbiology of foods, and the microbiology of water reservoirs. 

This journ contains sections on the history of science, book reviews, and 

ag events in the field of microbiology, as well as the general articles in 
is field. 


YEARLY SUBSCRIPTIONS: $20.00, individuals and industrial libraries (US. & Can.); 
$15.00, AIBS members and all other libraries; $2.50 additional to each price, foreign. 
SINGLE COPIES: $4.00. 


ENTOMOLOGICAL REVIEW 
(ENTOMOLOGICHESKOE OBOZRENIE) 


Dr. C. F. W. Muesebeck, Advisory Editor 


4 issues per year. First issues published: 1958, 
Vol. 37, Nos. 1-4. Current issues published: 
1961, Vol. 40, Nos. 1-4. 


Very few entomologists would not find something of special interest to them in 
any one issue of this periodical. It deals with theoretical and practical problems 
in the field of entomology and their significance for the national economy. It 
contains articles on all branches of entomology and devotes particular attention 
to problems connected with the theoretical basis of agriculture and public health 
service. 


YEARLY SUBSCRIPTIONS: $25.00, individuals and industrial libraries (US. & Can.); 
$12.00, AIBS members and all other libraries; $3.00 additional to each price, foreign. 
SINGLE COPIES: $7.50. 


SOVIET SOIL SCIENCE 
(POCHVOVEDENIYE) 


Dr. A. P. Mazurak, Editor 


12 issues per year. First issues published: 1958. 
Current issues published: Jan.-Dec. 1960. 


This is a translation of the Russian journal, Pochvovedeniye, edited by Dr. A. P. 
Mazurak of the University of Nebraska. It publishes research done at various 
institutes in the fields of soil chemistry, soil physics, soil microbiology, soil 
fertility, soil genesis and classification, soil conservation, irrigation, and related 
aspects of soil science. 


YEARLY SUBSCRIPTIONS: $40.00, individuals and industrial libraries (US. & Can.); 
$20.00, AIBS members and ail other libraries; $3.00 additional to each price, foreign. 
SINGLE COPIES: $4.50. 


All orders and subscriptions should be placed with: 
AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 


2000 P Street, N.W. 


Washington 6, D.C. 
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